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WaB    DVtRTHENT, 

OPfTce  01'  THB  Cm»F  or  Staff. 

Wmkington,  NBvemtier  19,  lUB, 
The  BDglneFF  field  Manual,  I'nitiMl  States  Armr.  prppand  Dnder 
tlw    dtreetltm    ot    On/    Clilrf    of    Engtneern,    United    Stat™    drmj,    in 
pultllabed  for  the  Inrormatlon  and  milahncc  of  at!  oonCBrned;  It  wlU' 
not  be  mndined  except  by  RfieclSc  autborlty  ^ven  tn  eacli  c 


B;  order  o 


r  other 


fn    connection   irlth   t 
the  Bfcretary  of  Wa 


.,.L,.__.,CoogIe 


WtB  Ddfibtuint, 
OlTiCi  OF  THB  Chief  of  Enoinbhiis, 

Wathington,  Uarch  It,  IXt. 
Gbniibai.. 

Sib  :  1.  By  autboritv  dI  the  SecreUry  ot  War,  bIi  parts  of  the 
BD^neer  Field  Manual,  complied  under  the  direction  ot  this  office 
by  Lieut.  Col.  Bmllh  8.  Leach,  Corps  of  EnglDecTB  and  General  8t&S, 
have  been  published  <n  Qve  Beparale  TOlumes,  These  parts  are: 
Part  I.  RetoonalBBance ;  Part  II,  Brldgea ;  Part  III,  Boads ;  Part  IV, 
Rallraads.  and  Part  V,  Field  Fortification  (In  one  volume)  :  and 
Fart  VI,  Animal  Transportation.  Each  ot  these  six  parts  received 
the  approval  ot  the  Chlet  ot  Staff  before  Its  publlcaUoo. 

2.  It    le   now    desired    to    publish    under    a    single   cover   these    six 

dlBtrlbullon. 
*    -        dd 

I  the  orlalDal  edli 

_.    „   the    work   up   to   __.. 

description  ot  the  new  types  of  InBtrumentB 
_._.  J .  ^y  ^|jj_  ,j|  pgpj  j^  ^  brief  descrli 


rcscrlbed  by   t 

m    o(   angular 
ly   the   Field   Artillery:    to  Incorporate    In   Part    II,    a   very 
ible  of  dimensions  of   floor  systeme   for   stated   loadsaDd 


ngular    meaBurement    in   milg    adopted   tor    position 


flndlng  by   the   Field   Artillery:    to  Incorporate    In   Pai 

nsefnl   table  of  dimensions  of   floor  systems   tor   statL_   

nians,  and  to  Incorporate,  In  Part  V,  a  plata  and  description  ot  the 


redoubt,   which    presentB   several    excellent   featurei 

dealen.  It  Ib  proposed  to  add  the  new  matter  at  convenient  place* 
as  nearly  In  Its  topical  relation  as  poBslble,  but  under  a  eaptlm 
"Addenda,   190T." 

i.  The  mechanical  work  Involved  In  the  preparation  and  publica- 
tion ot  this  revised  edition  would  be,  toughly,  as  follows :  Drawlns 
''"    "leravlne  of  four  or  Ave  plates;  mailing  of  a  consolldatad  Index; 


composition  ot  the  equivalent  ot  about  three  or  four  pages  ot  teit ; 
composition  ot  consolidated  Index  (about  48  pages)  ;  elect rotyplng 
o(  Dew  plates,  new  pages  ot  teit,  and  new  Indei ;  repaglng  ot  Parts 


a  broad  flap  foldli 


complete  work,  the  cover  to  have  a  pocket,  a  pencil  tube, 
i  =__    ._,j.__   .,..    L._._       ^f,p  niHnuscrlpl  ot  a  propH 


lntr< 

.dnctlon  and 

list  ot  a 

utho 

ritles'ls  1 

6. 

In  the  s 

l\t' 

ow  published  is  electrolyped : 

the 
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*thS  Gov" 

■rnment   Pri 

Intlng  Office.     The 

expense  of  drawl 

ng  and  i 

LTlng  the 

new  plates 

,   of  preparing  the 

matter,  and 

of  makli 

ttg  the  consolidated  Index  would  be  charge- 

■oprlatloi 

rrled    by 

tools,  fnstrumenta. 

2.  ISOB. 

1  material, 

and 

supplies   required   for 

'  iS"  th™^ 

■nglneer  eqi 
in    of    eEgi. 

jipAeat  ot  troops, 
aeer    manuals,"    ^ 

id  lag    the    pu 

rcbuse    s 

ind 

preparatli 

available  balance  sufficient  tor   the  purpose.    _    _ 

eipenae  ot  compoaltlon.  clectrotyplng.  repaglng  existing  electrotype 
plates,  and  of  printing  and  binding  to  be  borne  by  the  appropriation 
tor  public  printing  and  binding.  The  paper  tor  the  work  Is  on  hand 
In  this  office. 

6  1  have  the  honor  to  recommend  that  1,000  copies  of  the  revtaed 
edition  ot  the  six  parts  of  the  Engineer  Field  Manna!,  as  hereinbefore 
described,  aod  their  accompanying  plates  be  printed  at  the  Oovem- 
ment  Printing  Office  and  famiBbed  tor  the  use  of  this  office  on  the 
DBDal    requisition,    the   cost   to    be   paid    as   stated    In    the    precedlfix 

T.  A  copy  of  each  ot  the  parts  as  published  is  submitted  herewith. 
Very  respectfully. 


Brig.  Gen.,  CMef  of  Etigineeri,  V.  S,  Army.  , 
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ENGINEER  FIELD  MANUAL. 


INTRODUCTION. 

In  April.  1889.  Ibe  Chief  of  Eogineera  directed  the  commandant  o( 
the  UnKlDeer  School  to  voter  upon  the  preparation  of  an  Engineer 
lield  Maiiual,  At  the  Bsma  time  all  olBi.'erH  u[  tbc^  Bnglncer  Corps 
who  bad  been  hi  fhe  field  during  the  Spanish  War  were  inylted  to 
contribute  data  and  BiiggeitlonH.  and  man}'  of  them  did  so.  At  the 
Bnglneer  School  the  work  oE  cotapllntloa  was  comialtted  to  the 
Instructor  Id  civil  engineering,  then  Capt  Henry  Jerrer.  and  nnder 
his  control,  and  mostly  by  his  own  hand,  a  gcoeral  plan  of  a  munual 
Has  worked  out,  maouflcrlpt  and  platen  prepared  on  the  subjects  oC 
__.        —  ■)rldgeB,  and  more  or  fess '  '"  --^-       -  — '- 


i  rallroi 


Fmpiete  notes  on  roads 


InatractioiiB    ot    the    CblcC    ( 

lUylBlon  anil  pabllcatiun  by  parta.  as  con 

naiaaaace  was  published  In  tentative  fan 

of  EDginecrs  nud  other  arm^  and  to  »  U..   . 

Blent  and  criticism.  The  parts  on  bcldgea  and  rumiK  were  seui,  m 
manuacrlpt  to  certain  Engineer  ofllcerB  for  like  criticism.  A  a  a 
reanlt,  the  method  of  treatment  of  aubject-matter  and  the  mechaBlenl 
features  of  the  hook  were  definitely  determined  and  it  was  decided 
to  revise  the  work  already  done  to  conform  It  to  the  modified  plus 
and  to  repDbtlsb  Pnrt  I. 

At  tlds  stage.  1003.  the  presBUre  of  work  at  the  Engineer  School 
made  It  necenKitry  to  place  tblx  duty  in  other  hands  and  It  was  de- 
volved npon  the  commanding  officer  ot  the  Flrat  Bottallon  of  Engl- 
•■•ers,    and    shortly    thereafter    the    relation    of    that    officer    to    the 

natation  of  the  manual  ■was  made  persunal,  Intitead  ut  ex  officio, 


5S?"al 


and. 

i   published — I 


bridges,   roads,   rallroaflh.    Beld    fortiflcatlun,   ;     _    ..  _....,.. 

Uon.  These  parts  are  now  cirileoted  in  a  single  cover,  with  rorrec- 
Hods  ot  errors  which  crept  Into  the  titnt  edition  and  some  additions 
of  new  matter  which  has  become  available  since  tlie  flrst  publication. 
The  most  important  of  theae  additions,  mada  by  dlrecljon  of  tlie 
Chief  of  Stair,  is  the  incorporation  of  the  slens,  etc.,  tor  finished 
maps,  published  hy  authority  of  the  Secretary  of  War  in  1904.  A 
few  minor  changes  which  have  beeu  approved  will  be  noted. 

The  opportnolty  now  Hrat  offers  to  make  acknowledgement  of 
sources  from  which  material  has  been  drawn  and  of  bssIe lance 
rendered  by  persons  in  the  preparation  and  publication  of  the 
tnaonaL 

As  to  authorities,  a  llet  Is  appended  of  worlu  which  haxa  ha*n 
conmlted   and    from  which  facta   or   saggestlons   have   t 


Other   works   have    been    consulted,    but   nothisg    having    been 

■" ^r  soggPBtcd  by  them,  they  are  not  mentioned.     The  til 

t  which  appear  in   full-face  type  have  been  relied  u 


.-  _.   ..  -lard  and  as  guldei^  tu  topics  and  arrangetaent. 

>  slnsle   work   seems   to   deserve    farther   mention,   and  O10.I  ' 


Coogic 


EITQIITEEB  HELD  KAinJAI. 


1 

:ewfltten  with  h. 
Ited,  mnch  valu- 
^Id  lortiflcatlonB, 
>  with  (lie  Japu- 

atlODH    SB    to    tbs 

neere  of  Gr^t  Bfl^O  a«ien^  Bpieiul  ini^tlciit  "' 

Personal  SxiBtSiH*  in  the  tarejisfatlon  of  text  hafl 

from  brother  officers  of  the  Corps  oC  EnsineerB,  wt 


Ini^omparable  Traatwine.  the  iDclpbtedni'ss  to  whloh  1b  too  obTlaoB  J 
lo  require  mention,  but  too  Important  to  permit  It  tu  be  dlspcDBed 
With.  Snbatantlallr  no  matter  from  uny  source  iB  quoted.  The 
eilecQcj'  of  epBce  required  everything  uBei  to  be  rewrltCen  with  a. 
view  to  coniJf'nBatloD.  In  addition  to  the  works  cited,  mnch  valu- 
able Information,  eBpecially  as  to  railroads  and  Held  fortlfl cations, 
was  obtained  from  the  reports  of  military  observers  with  (lie  Japu- 
I.4-0P  nnd  Russian  Armies  and  from  fuglflTe  publications  as  to  tbs 
Mahi'hnrla.      Of  the  latter,  the  Jonrnal  of  the  Basal   Engi- 

me  Jxclnslvelr  | 
the  slDBie  «x-  J 
cpptlou  ot  "Landscape  sketehlue."  puraEraph  8Q.  and  plates  SB  antf>  1 
40,  -Reconnaissance/'  which  was  abstracted  from  material  fur- 
nished bj  Prof.  C.  W.  Lamed  of  the  MlUtarv  Academj.  In  verltyinj, 
FriOemng,  and  porreuttpg  Itti  w**:' . 0(1:1^8  aitopner.  mnny  olBcem 
have  rendered  assistance  In  greater  or  less  flegree,  and  none  who 
Iiave  had  opportunity  to  anelKt  have  refused.  But  a  few  have  given 
BO  modi  ol  Hme  and  labor  as  to  malie  mentlm  bj  name  an  act  of 
idnple- justice.  Lieut.  Col.  Abbot,  who  has  handled  the  manual  In 
■Qie  odlee  of  the  Cblel  of  Hngliieera  dnrloK  the  nnllre  period  or 
preparation  and  pnbllcatlon,  has  contrlboted  never-f ailing  enthust^ 
ann,  eucouragmiciit,  and  counsel,  whjeh  have  lisen  of  the  grHBt«C 
pORBlble  BBsliCaDce.  Mq}.  ReeE  read  critically  the  parts  on  recon^ 
naissance^  bridges,  and  ronda.  Maj.  Sibert  and  Llenta.  Johnston  anol 
Spalding  did  tlii-  niunu  for  railroads.  Gapt.  Connor  read  thn  xaine 
port  and  forwariJed  a  panec  of  his  own  on  the  anblect,  from  whleb 
some  saggestlons  -were  tiiken.  Ma].  GnlUard  read  the  parts  on  fleM 
fortiflcotlon  and  uiiimnl  trausportntlon  and  mnde  valuable  sust^es- 
tlons  from  personal  eiperience  with  pack  trains.  Cant.  Cheney 
read  the  part  on  Bnlmai  troneportatlan  and  made  ralnable  sugaea- 
lions.  This  part  waa  also  read  by  Dr.  Bunter,  V.  8.,  With  CavsJrj, 
and  Mr.  Daly,  rhief  PRcker,  upon  whose  opproval  much  of  Its  valua 
rentx.  The  original  drawlngH  for  Piirts  I  and  II  were  mnde  by  en-^ 
listed  men  of  the  Second  Battalion  oC  Bnnrlniwrs.  under  the  super- 
vision  ot  Maj.  Juison,  instructor  of  military  engineerinc  at  the' 
Engineer  School.  The  names  of  these  men  anfortnnately  have  noC 
been  made  of  record.  These  drnwlniw  were  revluefl  nud.  those  for 
Parts  III  and  V!  made  by  Sergt.  plhlgrem,  of  the  First  Battalion  of 
Bngineera-,  asslsled  for  a  Ehort  time  by  Corp.  Flngel  of  the  siunc  or- 
ganlKKttoo.  The  drawings  for  Parts  tV  and  V  and  the  Addenda, 
were  insde  by  Mr.  8.  P.  Hollingsworth,  of  Washington,  D.  C.  Tbo 
Indexing,  parllBl  and  conaolldated.  wan  done  b;  Mr.  Q.  T.  Ritt'hle  of 
the  Library  of  ConBroaH.  Mr.  Flekerlng  iNMlge,  chief  clerk.  Hnltefl 
»tnt<'!4  ICnglnfpr  Office.  Washington,  D.  C,  contributed  raluubto 
asBlstance  in  final  proof  reading. 
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Theory  and  PracMre  of  SnrTeyinfr,     Johnson. 
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PART  I— RECONNAISSANCE. 


porar;  military  ncsda. 

ta  coTer  with  Bufflclent  __ _.   _      .. 

tin  a  Bide.  Areae  up  to  10  miles  cm  n  side  caa  be  satlB&ctorll^- 
mapuHi  far  military  purpogeB  by  nuuiiDg  tranalt  or  plaae  table  con-, 
trol  trarerw  lines  nfaltli  VIII  locnte  sotas  landmark  In  eacb  Bquare- 
mlle.  adJuatlDK  the  trnvei-sea,  plottlns  the  adjusted  traTeraea,  and 
then  filling  In  the  control  ekeleton  tbuB  obtained  by  eketclilng. 

For  larger  ari-oa  trlHngulBtloD  or  Iriivetse  control  of  greater  ac- 

fnctor.  No  map  of  on  nrea  over  10  mileH  od  a  side  should  be  gnder-_ 
taken  wllbout  a  tbOrouBb  knowledjio  of  tha  best  modern  practice  la 
topographic  mapplnE  such  as  that  followed  b]'  the  United  States 
GeolOKlcal  Barrej. 

2.  The  laformatiou  to  be  obtained  In  a  lopograplilcal  racaimalsBance 
may  be  sronpod  under  tlie  headings  of  tlmi^,  cover,  reaonrcEa,  and 
■amenclstnpe.      The  map   sbcnild   permit   a  determination   of   the 


to  the  army  or  to  iha  enemy  ;  the  loea 

water,  fuel,  t^rass.  etc^  and  should  sItc  i.u  chl-u  Lcai-iiiD  lui  jul-iei  uhiuv,< 
The  last  reiiuIreaieaC  la  of  great  importance  and  is  the  one  most  often 
neelei'ted . 

3.  Tbe  fnndaineuts)  tonoan:upUc»l  oprnttloii  Is  the  deter-< 
mtnatloD  of  the  (Urcction  and  distance  of  ooe  point  trom  anottisr' ' 

The  direoUon  of  one  point  from  another  Is  composed  of   two  ele- 


,        .  ^  ,  .  .  yenlence  will  be  called  the- 

4.  Aalmnlh*.' — As  an  infinite  number  of  vertical  planes  may  pa9« 
througb  a  itlyeQ  point.  It  is  necessary  to  select  one  aa  tbe  origin  of 
aiitnalhi.  In.  toponraiibkal  re<;ounalBsanr¥  the  plane  selected  is  thab 
oi  (be  magnetic  mertdjnn  nt  the  point.  Its  dimcllon  in  a  haHzontal 
platte  Is  the  line  of  rest  of  a  freely  suspeaded  and  balanced  msgnetie 
needje.  and  thin  Una  It  the  orlvln  of  BKlmuthH. 

Prom   thiHOrlE.in  azimuths  are  measured  1-  ^ -' * " 

'    to  80°'  ■ 


r.-r,-—B  of  tliB  reconnalasancn.  Bearloss  taken  Id  the  other  direc- 
tion are  called  back  Kilmntlii.  If  the  Btations  are  numtwred  la 
tbe   order  they   are   occupied,  a    bearing   (rom   a    Lower    to   a   higher 

loner  numbered  xtatlDD   Is  a  bscic  ftzlmutU.  J 

The  metbod  of  stating  azlmntlis  described  abore  Is  that  commonly      I 

used  in  surveylDg  wtiea   direction  in  maintained  by   EnrrrluK  bk    | 


lal'  I 


B  the  simplest  to  understand  and  ut 
angle  between  any  two  lines  to  be  read  at  a  glance. 

There  are  other  ways  oC  expressing  azimuths,  adapted  to  special 

nilmuth  Is  reckoned  from  the  sonth.  through  W..  N.,  and  K.,  300°  to 
Booth  again.  Any  astronomical  aitmuth  dlffera  Irom  tbe  corre- 
Bpondlng  aarrey    azimuth   by    ISO*. 

Id  navigation  luimiilbB  are  reckoned  trom  the  mnrlBer'a  oom- 
psu,  and  are  called  IwarlB«fl.  The  dlnl  la  divided  Into  ."13 
potBta  BDd  each  point  Into  qnBrler  points.  The  names  ot  the 
points  and  their  relation  to  survey  asimaths  are  shown  Id   Bgure  1. 

Iiand  unrreywa  reckon  bearlnge  Id  both  directions  trom  N.  and  B. 
Tbelr  compasses  are  graduated   90°    In   each   direction    from   the   H. 
and   B.    points   and   a   bearing   Is  statad   by   glTlag  the   ansli 
direction  from  N.  or  8,.  whichever  may  be  nearest,  as  N.  46    ' 

29°  a 

Formerly  gucb  bearlnga  were  reckoned  from  the  nearest  cardtoal' 
point.  N.,  8..  E..  or  W.,  aa  W.  40"  N.,  which  corresponds  to  N.  4«" 
W.  ThiB  method  Is  very  convenient  for  glvlbg  directloDB  la  ordera 
and  reports.    It  IB  sbowu  In  the  middle  cirde  ot  figure  1. 

G.  A  special  method  of  atlmutb  meaaur^ment  has  been  adopted  tor 
nae  In  the  «re  control  of  Beld  artillery.  The  unit,  called  a  mil,  la  tb« 
arc  whose  length  is  one  one- thousandth  of  the  radius.  By  computa- 
tion this  arc  la  3'.43T  + .  This  length  Is  not  commensurate  with  the 
length  of  the  circle  being  contained  Id  It  6,3S3,^4  times.  For  cou- 
venlence  of  graduation,  .the  circle  U  divided  Into  d.400  equal  parta, 
asaumed  to  be  mils,  the  angular  value  of  each  ot  which  Is  S'.STS, 
differing  from  the  computed  value  by  nearly  2  per  cent,  which  error 
enters  Into  all  determlnutions  and  la  neglected. 

Each  change  of  1  mil  Id  azimuth  corresponds  to  a  chanue  In  posi- 
tion In  a  direction  perpendicular  to  the  line  of  sight  of  one  one- 
tfaouBsndtb  of   tlie  range.      This  method  reduces   all  elements  of  tire 

e.  The  eompBaa  is  the  standard  Instrument  tor  the  determlaallon 
of  azimuths  In  topographical  reconnaissance.  It  consists  of  nase, 
needle,  card,  pivol,  and  ttop,  figures  '2  and  3. 

The  emrd  may  t>e  ■■ed  to  toe  case  or  mavable,  attached  to  th« 
needle  and  revolving  with  It.     The  stop  raises  the  needle  from  the 

CfOt  and  clamps  II  against  the  glass  cover.  A  good  compass  must 
ve  a  needle  sufliclently  magnetised  to  settle  accurately  and  a  pivot 
free  from  rust  and  ronghneaa.  If  the  aecdlo  becomes  too  weak,  It  may 
be  remagnetlied  by  rubbing  gently  from  pivot  to  point  on  a  perma- 
nent or  electro  magnet,  each  end  ot  the  needle  tn  he  ruhbert  on  ihB 

pole  wliich  attracts  It.      In  retiirplng  the  needle   ...    

carry  II  a  foot  or  more  from  Che  magnet.  The  pivot  may  bu  polished 
with  Puts  pomade  or  similar  substances  on  u  soft  atich. 

It  possible,  however,  turn  In  the  detective  Compass  and  get  a  goodi 
one  tn  place  of  It. 

A  needle  loses  part  of  Its  magnetlBm  It  kept  for „ „ 

tbe    plane    ot   the    magnetic    merldlun.      In    storing   a    coTnpasa    catV 
_., — tj  ..-  ....._   ..  place  It  In  the  case  or  on  tbe  ahelt  wit'"   "■"     " 
ornting  north. 


y  bu  polished    J 

Id  get  a  goodi   M 

g  time  out  of  ■ 
»>TnpaBa  catV  M 
'  wlih  the  N.   ■ 


e  of  the  n 


t/ll  EnOPrEER  HELD  KAKUAL. 

T.  Dip.— The  PBrtli-H  mopnotlc  poles  Brp  tx'nPHth 
the  end  of  b  symmetrical  netdJt-  is  drnwD  downnar 
sontal  plBQp  BO  Hs  to  point  to  the  nenrcst  pole.  ' 
rroiu  tti#  liorlsgntBl  plane  Is  called  diii,  and  m  meaa 
ore.  The  dip  IncrsaBes  genecallij  with  the  latitudi 
ovRT  n  magnetic  pole  the  iieidle  st^dR  vi:rticnl  or  hi 
Near  the  equator,  where  north  and  sooth  poles 
InHupnce,  the  needle  ma^  be  horizontal  or  the  dip  0, 

For  reaolae:  assliDtitbH  the  nef  die  must  he  kept  in  a  t 
which  <B  done  by  a  amsll  movable  counter  weight.      I  _ 

changes  !n   latitude,   as   in   paesing  from   the   United    8tL ,    . 

Philippine  InlandH.  th^  counterweight  will  regaire  adjuatmeat 
keep  the  needle  borlBontal,  and  in  passing  from  the  nortUern  ti 
—uthern    hemisphere    the    counterweight    muat    be    changed    tu 

(    Cor    topographical 

The  lins  ciuuphib  Is  shown  in  Hsure  2.      —    ,_ . 

gradnated  counterclockwise  from  N.  3li0°  to  N.  awahi.  The  E.  i 
W.  points.  If  marked,  are  reversed.  The  atop  ta  operated  t>!  opening 
and  ctoaing  the  lid.  The  lid  Is  hinged  parallel  to  the  tiorth  and  aou^ 
line,  and  when  open  its  upper  edge  forms  a  convenient  line  of  alghfc 
The  needle  when  i^tatlonary  can  be  read  to  the  nearest  d^rec  l>~  "— 
eje,  nnd  to  bait  a  degree  with  a  reading  glass. 

Another  pattern  which  hax  been  issued  has  the  lid  iia  an  E.  and 
W.  Hide,  and  the  sighting  line  IH  a  fine  liae  drawn  a  .■      -  • 

Some  of  the  hos  compasaes  in  use  are  graduated  cl 

must  be  taken  in  iialng  these.     The  true  aslmuth  Is 

reAding  of  the  uerdle.    The  actual  reading  ot  such  a  compass  should' 
never    be    recorded ;    the   corceHponfling   ailmath   only    should    be    set 
It  will   be  safer  to   add   a   rough   graduation  In   the  proper 

irlamatle  comvaui  la  abowtf  in  figure  3.  It  is  of  ti 
luutauie-tzurd  type.  It  la  read  through  a  rcQectiug  inverting  magi., 
fjlng  ppism.  The  prism  revolTcs  on  an  aiia  ond  is  over  the  circunt-. 
ference  of  the  card  for  reading  and  aigalnst  the  edge  of  the  cage  foe 
carrvlng.  tf,  when  so  adjusted,  .tlie  scale  la  out  uf  fociia  n-ben  th* 
sight  Itt  taken,  it  shows  that  the  card  is  not  horizontal,  and  the  com 
muat  be  tilted  until  the  locale  comes  Into  fueua.  The  needle  may  bo' 
conuietisaTed  for  dip  by  a  bit  of  sealing  was  sniek  on  the  underaids-' 
-' **e  card.    The  leaf  sight  folds  d*wn  for  cr — '--   ---■■-     - 


•T,& 


—  tola  pattern,  the  metal  i^vel  liati  a  window  in  It  opposite 

prtam,  and  Is  not  removed  when  slebtins.    The  le^if  siebt  folds  dowBi 
outsloe  the  cover  and  is  not  protected, 

9.  CompiisB  errors. — The  magnetic  aod  true  meridians  generally 
do  not  coincide.  The  angle  which  the  needle  tnakes  with  the  trnt 
no^th  at  any  place  la  called  the  decltuution  of  tfav  nvedl^t  or' 
Di  JHBellc.  decllumtlon  at  that  place.  For  latitudes  of  60°  and  lesA 
the  ^ecUnatlon  ordinarily  varlea  hetwteD  llmlta  of  20°  east  and  SO* 
weat     Foe  high  latitudes  the  declination  Is  greater  and  more  irregular-. 

There  are  dall;  and  secular  lariatlons  of  declination  at  every  plac^' 
but  they  are  too  small  to  iove  any  bearing  on  the  eltsa  of  work  noiK 
under  consideration,  and  for  purposes  of  topographical  reconaatBaanc* 
the  dectifiation  at  any  place  DDay  be  cooaldered  comslant  tor  the  perioj. 
of  the  survey, 

A  close  watch  must  he  kept  for  the  chuDge  in  decUnation  from  plaM-  i 
to  place  and  for  locnL  disturbances  of  the  needle  due  to  the  proifmlty 
of  magnetlied  substances,  natural  or  artiflclal.  '         ' 

CMnge  of  decUnation  or  flomial  dlrectLun  of  the  needle  shoqld 
checked  frequently.  If  a  change  Is  observed,  it  Is  certain  to  have  ta 
place  gradually,  and.  If  dualrad.  may  be  distributed  .iniung  the  com 
-nn,  though  the  chUDKe  will  seldom  be  great  enough  In  a  single  <l£ 
— w  .-  — 1—  "a  diKtributloa  practicable. 


G©^^p^ 


AbnamiKl  deflections  uf  the  nt'oiile,  due  i 
are  euddec  HDd  erratk  and  sbouM  cnt  be  illftrl 

dlBtnrbaiice  ociiurB. 

A  e[mpl«  way  to  fletect — not  measure — sncli  dlaturbanwa  is  lo  Ufeff 
fri^quent  back  nzUnutb^,  If  tbe  position  of  tht>  Dtedlc  u  nornuil  a* 
botb  ataflons,  the  aiimutbB  Hnd  hack  azimuth  will  differ  by  180°.  1 
Ihert'  Is  local  attraction  on  th?  course,  it  will  nauallr  be  stronger  o 
cause  a  groBtcr  defloctloQ  at  one  station  than  at  the  other,  and  tbe 
szlmutb  and  back  nzlmutb  will  doC  differ  b;  180°. 

Another  way  la,  when  taking  the  bearing  Co  a  itstloD,  to  aelect  a 
"  "        a  point  bsyond  and  oj   "' — '"' '  "'" 

imffall  the""!,  T =  „ ^ — „.,.j_  „ 

jTlngs   to  the  aame  point  dlrtar. 


should  he  applied  ti. , 

10.  GriulieiitM. — There  can  be  but  one  boitwntal  plane  througb  a. 
glveo'point.  and  It  may  be  detfvmlned  b?  tbe  spirit  levi'l  or  plumb  line 

without  serious  error.     Grsdlenta  are  measured  by  taking  the '-  -* 

the  line  of  direction  With  a  horizontal  Use  through  the  polut. 


a  degrees. 

j?.ai:u  angle  corre^„ ^  —   . 

the  initial  point.    RlElng  gradi 


sponds  to  two  sTopea,  one  op  and  one  down  fi 
ilBlng  grades  may  be  recorded 


jailing  grades  with  - 
drainage,    wii   the   gradient  writ 

are    indicated   by    an    arrowhead    g 


map,  generBlslopea 


:  top  pointing  towsrd  the  road 
iway  from  It,  thus  i 


"I 


riilB  method  is  commoitiv  used  for 
latione  when  less  than  45°. 
corresponding  to  1  foot  horizontal; 


6  «■  1.     This  method  la  commonly  used 
S5°  to  75^ 


Btlons.  etc.,  fro 

number  of  Inches  horizontal   corre«pondlng 


k 


r  and  Is  called  bat 


uroDmK  mut  kavtal. 


13.  Co^parlaoi 
■ndlMtai 

In  tbls  table  tbe  dUTeceDt  metliodB  of  expreasIiiK 
their  vilaea  cl*eu  loi  the  nnul  range  and  to  the  eoAi 
accoracT  of  theli  ose. 


tbe    dlScreK*     melkoda     of     eipnaalns 
ireealiiE  K^a^enta  have 


Angto. 

feriliarl- 
unlalor 

Peel  to  the 

.^-^ 

t»- 

Belts 

.™ 

.87 

46.1 
«.l 

n.1 

138.J 
lfll.2 

1S1.4 

278.7 
32£9 

MLB 
S5S 

78 

1 

as 

13 

S-5 
g.1 

t\ 

3.7 

il 

nrUcal. 

! 

5 

1 

1 

1 

1 

1 

2.18 

a.  83 

3.40 

tw 
0.12 

a.ea 
If; 

U.OG 
tS.S4 

1 

e. 

7. 

IJ* 

i 

1 

229 

i 

i 

1 

k 

i 
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■  BXCOmTAISSAirOB. 

KiadlentB.  -with  the  horlaontal  plane  Indicated  liv  a  sptrit  lerd.     It 

cODBlBtB  (Hg.  4)  ol  a    -'-'■•  "-'  ■    ■    -■"• -..—-J  — ..  — .  .—    - 

faBtaowi  to  it,  anfl 


througb  the  center  of  tbe  vertical 
Btm.  Tbe  base  of  the  Bight  tube  is  a  plane  turullel  to  the  line  o[ 
Bight.  Knrler  the  cpnter  of  the  level  tuhe  In  an  niwnlnff  in  the  ateht 
tnbe,  inside  ol  which  is  a  mirror  occnpiUag  a 
the  Blebt  tube  and  facing  tbr  eye  end  at  aa  a_„.-  ._  _. 
line  of  sight.  A  horlaontal  wire  eitrads  acrons  the  middle  .,_  ,_. 
Bight  tube  in  front  of  the  mirror.  When  the  bnbble  la  brought  to 
the  center,  ita  renectvd  luiage  sevii  Irau  tbe  eye  end  appt;ar><  to  be 
bisected  by  tbe  wire. 

The  cehtrai  poaiHoD  of  the  bubble  indicates  that  the  level  tube  is 
hori^onliil,  ana  the  rendiuc  uf  the  Index  nrm  upon  tbe  arc  bi  the 
aneie  between  the  asls  of  the  level  tube  and  the  line  of  Bight.  This 
reading  should  be  0°  when  these  lloo»  are  parallel.  Tbe  Tertlcul  arc 
18  BradUHted  eafh  way  from  0"  at  its  mldale  point.  The  iude:i  arm 
has  a  double  vernier  whose  BtnaHeat  reading  1b  lO'  of  arc.     Oradleota 

Bhortanlng  o*  the  level  tube  as  reflected  In  the  miraor. 

When  Ute  vemter  is  set  at  0°,  the  instrument  may  be  nud  aa  a 
band  l«v^  to  locate  points  ,at  the  sacae  elevatioD  as  the  eve.  The 
graduation  on  the  inner  edge  of  (he  vertical  limb  corresponds  to  the 
ordinary  frBctkina]  metlwd  of  iTidk'atlng  slopes,  as  1  on  ^,  1  on  10. 
etc.  This  Bcale  should  be  rend  on  the  forward  edge  of  the  indei 
arm,  or  in  Eome  (ormH  on  a  special  Index  tnarb  en  a  shorter  part  of 
the  arm. 

Tbe  Iev«I  tob«  In  made  psmllcl  to  the  stKht  ttibe  by  the 
adjnstlog  RorewB  B   (flg.   4).     To  test  and  correct  the  ndlmtoienC, 

*4lia    KdttBf       an^     (nufb     ..il*nfnll«r     f^hn     li,^ttj'r.n     nt    ntia     t^liia     -,  nit     ^r.i-     anil 


__    .__   ..___    ._    .._.   the   bubble   by 

moving  the  tnrfei  arm,  and  rend  again.  Note  and  record  for  each 
rradW  Its  direction  from  0°.  whether  toward  or  awiy  from  tbe  eye 
end  at  tbe  sight  tube.  Note  and  record  also  the  location  of  the  eye 
end  in  eneb  pusitioo  with  respeet  to  soine  flxed  object,  bo  that  the  In- 
Btmnitet  can  be  replaced  la  the  flrat  poMtlon  or  second  poaitlon  at  will. 

If  tUe  flrst  and  second  readings  are  the  same,  the  adjustment  is 
correct.  If  thev  diCfer.  take  tbe  tneab  of  the  two  and  set  the  vernier 
at  that  rending  on  the  side  correspondlns  to  the  first  reading.  Place 
the  Instrument  in  the  flrat  position  and  bring  the  bnbble  to  the 
center  by  nieaas  of  the  adjusting  screws  B-  e^r  a  check,  set  the 
same  reading  on  the  side  corresponding  to  the  second  reading  and 
place  the  Instrnment  In  the  neoond  position.  Tbe  babble  should 
come  to  tbe  middle. 

The  mrnvltr  cllaonwter  adopted  In  1906  is  shown  in  figure  n. 
It  consists  of  a  circular  caae  In  which  Is  a  gradualed  circle  con- 
trolled by  a  pendulQui.  The  line  of  nigbt  ia  through  Ibe  peep  L  and 
a  glass-covered  openfui;  at  M.  The  »ero  line  Is  ennr.ived  on  the  glass. 
A  mirror  near  the  center  reQects  the  scale  back  to  the  peep.  Looking 
UicoDgh  tbe  instrument  tbe  object  la  seen  on  llie  zero  line,  and  at 
ono  eod  of  the  latter  a  gradnatfon  of  the  scale  le  visible,  Tbe  gradu- 
stlouB  are  from  zero  at  tbe  horlsontal  each  way  to  45°.  tbe  gradua- 
tions and  nnmbera  for  elevation  being  hi  red  aod  those  for  depresaloQ 
In  blacd. 

A  slfdlog  bar  at  B  unlocks  the  sprlng-contrrilled  stop,  whl.ch.  when 
--d.  frees  tbe  pendulum  and  graduated  circle,  and  when  released 


^ 

1 


to  line 


In  tbe  left  bsnd  with  t 
;  oring  line  of  alght  on  object 
94346=— IT— —2 


4-  type  of  hand   level  designed   (or  slope   reodlnga   Ih   i— ..    „  — 
prttflji   piPfeFred  to  tbe   c^ltDometer.     TblB  bund   level   haB  horliontal 
lines  on  tLe  object  b'obb,  eltbcr  r^Hdlng  d^prcca  or  i>pr  cent.     With  'I 
the  per  cent  graduatlona  It  Ib  possible  to  obtain  dlfferenips  o(  f'  — 
lion  without  tbe  necessity  of  using  tables  of  degrees  foe  dlCferi 
<i(  eleTBtlon,  bat  the  degree  gradualloo  Is  Bnlted  for  use  with  th 
UtlhK  scales  of  slopes,  and  Is  geucrall]'  preferred. 

14.  The  delermlnntion  of  st'odleutB  by  tfae  plnmb  1 
gulcker  and  simpler,  hot  Jesa  precise  than  with  the  clln"  ... 
thougb  exect  enough  fur  ordinary  purposes.  If  a.  line  of  sight  be 
taken  along  thf  edge  of  a  board  and  a  line  be  drawn  on  thi'  board 
pcrpeDdicalar  to  the  sighting  edge,  this  lioe.  when  the  board  Is  held 
in  a  vertiral  plane,  wiu  make  the  same  angle  with  the  plumb  lihe 
that  the  Blghtmg  edge  makes  with  the  horizontal,  or.  In  otlier  wordo, 
a-iii  iniili«fe  the  gradient  (He.  6.). 

._.. ..__    . R_^  .   _. ----,,d  and  is   readily  im- 

,_„.   -.    -rom  the  point  G,  at  the' Intf rsefitlon  of  Ihe  per- 

endlcalar  and  the  sighting  edge.  From  the  oerDendleolar  at  O 
._iy  olT  each  way  on  the  arc  chords  e 

dMded  by  07,3.     It  is  coDvenient  to .,„ 

S)  Inches  scant,  wbeo  the  chorda  will  be  fy  Inch,  or  a  radina  of  7^ 
iDCbes,  when  tbe  chorda  will  be  |  Inch,  accordingly  as  the  scale  used 
is  gronuated  to  lentb.a  or  eighths. 

Short  radial  lines  drawn  at  tbe  ends  of  the  chords  form  a  gradu- 
ation   In   aegrees.     The   scale   may    be   drawn   on   the   lower  edge  of 
Ihe  board  b;  prolonging  the  radial   lines  as  fndicaled  in   the  figure. 
The  plnmb  line  Is  auauendf  '  ' 
In  USB,  the  board  fs  hel 

nd"  when  the  Tine  Is  steady  the '  board  i'a"  qnlckly  tilted  bo" That  the 
ne   draws   across   the   edge.     The    l)o«ri"    '-    "- —    ■—- •    ■■-    -    ■ — ■ 

_)nlsl  position   or  nearly  so,  and   the   i  „    . 

line  IB  steady.  It  may  be  prrased  against  the  hoard  with  the  finger 
ind  held  in  place  nntll  the  teadlDg  Is  taken.  With  a  straight  scale 
ind  for  steep  grades  the  latter  method  Is  better. 

lb.  ElFTatloaa. — From  Ilie  aloiii;  and  dlata.ni!E  the  elevation  of 
i  point  above  an  assumed  plane  of  reference  may  be  derived.  Tha 
dUeiwiMH!  ot  hel^t  of  any  two  points  is  known  by  eomparinff-l 
their  elevations  abote  a  common  plane,  called  the  piKiie  of  refeF-U 

The  plane  of  reference  la  taken  low  enough  bo  thnt  no  point  of  the 

.ill  elevations  positfve.     Knowing  the  height  of  n  point  above  thia 

Elaoe  of  reference,  the  elevation  of  any  other  point  may  be  obtained 
y  taking  the  gradient  and  distance  to  thnt  point,  deriving  from 
them  the  dlDcrcnce  of  height  between  tbe  two  points,  and  adding  thia 
"lerence  to  the  elevation  of  the  Hrat  point  if  the  gradient  is  rising, 
sabtractlne  It  if  the  gradient  1b  falling. 

The  elevation  for  a  given  gradient  and  distance  depends  upon 
whether  the  distance  la  measured  olont;  t?ie.  oraiittni  or  along  th« 
horiiotttol.  Distancea  paced  are  along  the  gradient.  Those  meaaored 
with  a  chain  will  also  usually  be  on  the  slope.  thODgb  sometimes  care 
la  taken  to  bold  tbe  chain  harliontnl.  In  which  case  the  table  for 
horizontal  dlBtancea  is  to  be  used.  Those  determined  by  IntersectloaB 
or  scaled  from  a  map  are  along  the  horizontal. 

The  differences  of  elevation  corresponding  to  vaciouB  grsdients  and 
any  distances  may  be  taken  from  the  followlDg  tables  : 


In  V 

lose  to  the  board.     The  Bigoimg  edge  is  din 

hfln   tttf   line   Is   tjtendv   the    board    Is   onlpltiv    .....v^.    „„    iua»    l*ju 
tnmeii    to   a    horl- 
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Ois- 

torhor 

ionUldi 

1 

indB- 

graei. 

' 

^ 

^ 

^ 

^ 

' 

* 

■jB 

T 

O00S7 

0M74 

00»1 

0IB4S 

0043S 

00522 

Dosoa 

ooaoo 

5,jj^B 

001 7-t 

00523 

00S9S 

00S7Z 

01047 

oisai 

0139* 

It 

00349 

unx 

031 41 

I' 

ofois 

OIWIS 

01714 

oai'to 

^M 

s 

03488 

03024 

4 

mm 

B 

O087S 

02*85 

MSOO 

0«7B 

06250 

08126 

07000 

06266 

osaofl 

07357 

08108 

OHSS 

I 

01406 

02810 

WMfl 

05621 

0M«8 
DeB37 

OIH24 
11213 

1264B 

OIWM 

osies 

W7M 

max 

<nm 

0MO4 

iio§a 

13«7S 

na«t 

ossia 

H10« 

158W 

17004 

U 

(HBM 

07470 

09873 

iWBe 

17153 

10016 

22430 

IB 

02*7 

05TM 

OSMB 

1146D 

14M7 

17204 

20W71 

22939 

35SDC 

129M 

25992 

20241 

30 

36177 

(eosD 

i«ao 

i»tm 

2S2S2 

32322 

swaa 

M 

laasB 

22281 

28713 

S1I0« 

89118 

40070  . 

28 

lOSOO 

43S8&.^^ 

as 

31903 

42536 

4m«^ 

30 

05773 

11817 

17320 

230IM 

23867 

31641 

10114 

^ 

The  difference  of  elevalioD  for  dbw  Rradle 
tance  may  he  obtained  bf  multiplying  the 
the  uiilE!  or  vradltiit.  T&ble  XIV. 


Coo<^lf 
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17.  DiflTerencpn  ol  elevation  (or  fc-radientB  of  0'  Hnd  HO',  and  '■  | 

diaUuces  meaaured  oh  the  alope.                                                                     | 

1    Oredi 

TUflerence  of  elevaUon  lor  sloping  dtelanw^  o 

■ 

■ 

'      da- 

'     ^"^\ 

' 

S               3        1        4 

s 

" 

7      1       8 

' 

i 

00087 

00174 

00263 

00340 

0W38 

00633 

OSSll 

wm 

007a 

1* 

0040 

ftQ6M 

0IM7 

o'aw 

01746 

raoM 

OM43 

027B2 

D23«,' 

3 

mHM 

mis 

01308 

Hi7<6 

02181 

TO140 

03013 

034«U 

04710    1 

o^i 

olw 

K 

M4B6 

^ 

0^^ 

061W 

009^ 

0627S., 

OiWS 

02090 

oa^att 

WSW 

^ 

O^ll 

0K531 

DPBa 

0B74tt 

09107  il 
10H8., 

12526    ' 

4079 

10 

■^ 

vat 

oautt 

OBH 

277S 

08209 

24S07 

OdOM 

g 

(am 

M^, 

03    0 

2=8 

!ft 

33    4  ■• 

H 

OS 

2202 

36600 

H 

aus4 

08 

394S 

1 

asm 

OOOO 

^ 

2000^ 

.JOOO  1    3(1000         .MO 

22a 

WOO 

The  difreren                 an         a      b    p  de  d     an      and       «  aa    e 

or  Krad  en    mar  b        nnd  b     m    tip  ring    he  dlHtunce  hy    h     Bine  of 

the  ang      Tab      \IV 

^e'^pSn      h*'ln'''°    h"        ^n%aA    n          k       u       h       ana 

numb  re              p  nd  og           ah           h     fienrpB  of    b     si     n  d      ant^ 

bntan  nff  a       h     rJnAC      nd  se       h  m  down      ea  b  one  p  a  e    o  th« 
eft  o    th    on    ab     e           K    B  n    h        phe  B  a      h     begliin  ng     I    he 

BSt    abu  a     Dumb       tall  n  ou           anj      Oh              bond      pb  re  may 

Add    V^tabnu     numb  ca    and  p    n       IT  E    m    be             b     numbe 

ol    place      equa       o      ha              b             hana    flgore    of      b      dl  tance 

ooiM    ftg    lav    If     h  nd       pher         Th          bu               h      d  tf      d        of 

ElEVBttoD     n    be      me  iin     a      b    d    tance 

BxamplcB       E          bdlTn          fean         rEHpondlne   to   a 

grad    D          3     and  a  d     an            6^73  feel  on    he  » ope— 

From  Tab  e     II 

To    3opp  3    and  nnd      3                            70 

For7opp.  3    andUDderT,                    3683 

For  2  opp.  3'  and  under  2,                  1047 

For  0  opp.  3'  and  under  6,              031 40         retain  leading  cipber. 

Ai  6  la  In  4tb  place,  point  off  4,     0328.  2BO0 

.      J 

1 

^^^ 

^^^ 

lr*ri  !■  K.703  pontda  per  (onarc  l>d,  i 

rntnaiu  At  uermir  29JR  bxbtm  Usb,  or 
314,7  fcM  blaft. 

takni  front  ■  potDtn  novlas  on  a  rlrmlar  soIk    The  correcpODdlnB 
-> — » —  .-  ..._.  1-  ^|,„  »Im>wii  od  the  dtal  of  Hi*  aBrrohl  baromrler. 
"    '    t«  it  is  ■naittrv  (o  Awfcs^     A  ffTvw 
idle  In  til*  back  of  tbr  «itpr  caw  b; 

..-   irfit  to  any  dortrwi  rfadlDC  anil  the 

Inalramciit  rorrFctrd  whenerer  It  can  br  comparFd  iriUi  ■  RtandanL 
With  th«  nDtt<Ai,  cortectlona  for  iiurtniio«Dtal  temperature  ma  not 
ttr  niadp.  BD't  for  IhiK  rvaeon  small  pockpt  InatnimeDlE  ar?  prrrerable^ 
\trirC  la  the  pocket  they  are  not  Eipoaed  to  so  gruat  ehflogw 


II  nam  be  caremil*  bandim 
tHVd  will  br  Ufa  thnrarh  a 

I   He  ■ 


In  jhla  rr 


p   of  tb«  atnoaphprr   i-arlra   nith   tbe 


bIho 


tlliti 


i  maaiartng  altltuili^ 


[ippcDd  upon  the  altitude. 

rltb  the  barometer  those  other 
far  as  possible.  It  IB  best 
h  KiaaoDX.  If  the  Etatioui 
IK  will  be  substantial  1;  the 
xi-epf  temperature,  whiob. 


iperatQM^i  1 


ha  'irrupM  with  an  Httle  Inlerrat  of  lime  lietw 
l.iittKP  TPiann  will   be  obtained  If  the  time  of  ob'if 
I  to  tiike  advBDtaee  of  culm,  bright,  dry  y 


Vhv 


.  fairly  Kuod  Idea  of  the  i 


-  Coti'jl' 


«l 
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Barom- 

Altitude 

lor' 

Barom- 
Bt*r 

^mude 

r 

Batmn- 

Attitude 

BboTS 

Difl. 

leadlDg. 

s^*te™l. 

rending. 

shield. 

readlng. 

KB  level. 

0.01". 

Jurha. 

F«t 

Fetl 

Iw-ba. 

Ffri 

ftrt 

IitAti. 

Fret. 

Fttl. 

IJiBis 

-IS-'l 

as.a 

S,2M 

as.* 

3,483 

-10. 

13.787 

13,  en 

13  488 

■,»o 

1 .2 
1  !i 

3,  aw 

13,319 

1 ,0 

13,173 

7,sm 

a,B72 

i3,aaG 

12,879 

IS  733 

zio 

a  870 

12,SSB 

T,m 

2,870 

19!  0 

as 

ia,m8 

i:i 

ILS 

a!  371 

1 

Ifi 

UbX 

''321 

11 

24:! 

<,\m 

jij 

I'.m 

9. 
fl. 

zao 

isii 

3!  4 

Ilia 

i',m 

tOS42 

13. 

1,207 

10508 

i;ii2 

s. 

10,375 

10  342 

8,1M 

2b:o 

824 

lUUO 

13. 

,077 

SOT 

l;III 

13, 

asio 

ma 

736 

». 

5;  761 

g|5S9 

4,M3 

4^ 

S4B0 

4,S3j 

366 

B332 

ia.s 

ia7 

s.% 

^2D4 

\:*f\ 

JO-B 

ft  , 

10. « 

slest 

\'^m 

3ao 

00 

s;s25 

J  J.  5 

*,«<* 

10.  s 

a- 

ia.5 

It.  a 

3,SU0 

10.6 

-M 

B. 

S,S7S 

3  7M 

10,4 

3690 

10.4 

-361 

l',% 

12.3 

-4S1 

■*■ 

_X.ooglc 


It'C'^anm  .1 


.-,  Tsmp^fafura  corrwtiai! 


ff 

■i.Wiltart. 

.^.,.. 

BuwBfr 

T«»[wr- 

LrtWff 

^?s^ 

.■  to  do 

I  the  posltloD  of  the 
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e  changed  to  reafl  tli"  "■■"fil''.     Wult  till  the  awing  gets  down  t 

-r  5',  which  '■  -"■  ""  -■-  '-    ■   ' -  —  —      ■^—  — *"'■  ■- 

eat  nail  thi 

the  npecllc  wUh  the  stop"nL__ 

It  quickly.    This  will  suddcnlr  cbeck  the 
In  which  the  I'eadines  can  be  takes. 

In  using  the  hoi  compass. without  a  Hoppori 

the  eje,  ho  that  the  awlne  of  the  neeflle  can  he  Been.  Point  tuc  ™sc 
oC  the  lid  In  the  required  dlrectloD,  catch  the  needle  nifh  the  atop 
In  the  middle  of  a  swing  and  hold  it  etoppeil  antll  the  reading  S 
taken.  Stop  readings  are  less  accurate  than  Might  teadlnga,  aa  the 
needle  may  be  dlsnlriced  Hllghtly  whpn  olT  the  pivot.  When  the  atop 
Is  used  preea  It  quicklv  anil  ncml;.  Atwaya  sieht  a  pxed-nard  cumpaaa 
from  the  south  end  of  the  card  and  read  Ihi-  north  end  of  the  needle. 

With  the  prlBmfitlc  c  .... 

•*tngB.     Utilise  a  au,, _  , 

Bdjoated  (or  focua,  as  already  explained    .,  .,       ,      . 

"'"■'"'  '  '        i.  and  when  the  awlnga  becomi 

They  have  the  dial  rendered  luininouB  by  a  paint. 

eipoaute  to  the  sun   or  strong  dayliffht  they  elve  off  light,  i 

rftiber  ilrong,  hut  rapidly  diminishing  In  intensity,  .\tter  a  few 
lionra  they  are  not  bright  enough  to  be  of  much  use. 

The  Hun>Bt  preparation  Cor  Bight  mnrehlng  In  e 
ninmtnating  the  rompBBa  by  ordinary  mpaua  wlthoi 
light  to  be  aeen.  'T 

22.  To  aRtprmlne  tin^  decllmitlaii  at  (be  eoi 
FiTit  method;  Jrom  t/ie  «Mn.— Prick  a.  amal!  hole  In  a  piece  of  tin 
or  opaque  paper  and  tli  securely  ovpr  the  aoiitU  edge  of  a  table  o 
other  surface  perfectly  level,  go  that  the  Bunlight  coming  througb 
the  hole  will  fallijji  a  convenient  plate  on  the  .aurface  (flg.  9(.  The 
hole  may  be  2  feeCabove  the  table  for  long  days  and  18  Inches  t^~ 


a; 


SB  poBltlon   of   the   apot   of   sunUght   on   the   horizontal    surface   at 

lual    time    intervals    of   tihout    10    mlnutea.      Draw    a    carve    as    bd 

"•     through^Jhe  polnts^^mark^,  ^D^^^tn™  J™lht_  "  ^o  thchori- 


BODt«l  surface  aUd  In  a  vertlcai  lhie  with  the  halH  _  ~,...,. 

ef  totersecting  Bd  In  two  points.     The  line  ca,  drawn  (rom  c  through 
X   point    oD    the   arc   midway    between   the  interaectlon,    is   t"--    * — 
TOfulillBD.    The  line  hd  illuatrates  the  method  merely.    Ita  fori 
with  the  stiD'B  deCIlDBtlon. 

B9eonil  methoi;--Jrom  the  sun  or  o  atar. — OBServe  the  magnetic 
beas^ng  of  the  hud,  a  planet,  or  a  bright  star  at  MBlng  and  settmg  on 
the  anme  day.  or  at  setting  on  one  day  and  at  rising  on  the  next. 
Take  the  difference  hetw^aD  the  sum  of  ttie  irjslne  and  settliig  azimuths 
B^  360°.  One-halt  of  tbia  difference  la  the  declination  of  the  compass 
or  variation  of  the  needle,  eimtit  the  sum  of  the  nzlmutha  la  leea 
Uiaii  360°  :  KCtt,  if  It  la  yreatei:  In  nrnlng  thin  metbod,  the  ob- 
■ervations  are  belter  tahen  whei)  the  object  Is  luat  above  the  true 
horlion.  or  a1  a  gradleut  of  zero.     This  can  usually  be  done  if  a  high 

Slnt  IB  chosen  tor  the  iibservatlens.  I(  It  pnn  not  be  done,  be  care- 
1  to  take  both  observalliins  with  the  object  at  the  aame  gradient. 
XtdB  ■■  inaiit  Inipurlnnt  with  the  aon.  Under  the  least  favor- 
able  Htndittons  an    Ini'oiifllltv    nf   1  "    In    thn  vrnil [on ta   nt   tht>   Hmiw  nf 

obaervBtloD  oi 

nalng  a  atar,   cnoose  one  wnien  ris 

obaerTBtlon,  and  the  iaequailty  of 

n  decllnntion  of  tlie 
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./Google 


KBCOBirAnSiWCE:  SI** 

The  (wo  foregoing  niflTimls  arr-  nppllcablc  In  tbc  norllifm  or  aoutJi- 
cm  hemispnere. 

Third  methoi!:  frnm  I'ofn.is.-Thc-  tnif  north  pole  is  about  !'   12' 
distant   from    Polaris   on    a   lini-  Joining  that   star  with    one    In    the    " 
handlo  of  the  dlpppr.  and  another  la  Coaalopeln'B  Chair   (flg.   10). 
^_,   ..  •.. —   .■ —   —   t.   gpp^  ^hpBCTer  Poiaris   Is  Tlalble.     Tha  " 
i  decreanlng  at  thp   rate   of   IB"   a   rear.    ' 
r  bj  SB  much  as  1',    The  latter  variation  ., 

.e  center  of  a   clock  dial,    wltli    the  line  ' 
tical  and  with  the  noBltlon  of  one  of  the 
B  the  hour  haod  of  the  elock.     The  diR-' ' 
from  thr  true  north  may  be  taken  from 


polar  df stance  of  Polar 
It  also  varleii  durlaj;  the 
mny  be  neelected.  and  1 
imagliie  Polaris  to  b 
lolnlna  12  and  8  o'clock 
lines  deserihed  cooslderi 


ii.     thla' 


Epoch    1811;    polar    dlntant 


^^-         ^ 


Clock  reading  ot- 


»!>  M" 

858  5»1 
389  II  ' 

859  M- 


FoT  higher  lutltudes  add  to  the  small  as 


nuths 


Lat.W 


-53', , \- 


■-ai°,A- 


quentlv    and    taklnj,    thi 

clonay   nigbt  n    Llliiipse 

taken  e  en  thoOBh  (he  ol 

S4    Foi  -    - 


Lat.ai'-37°,A. 

Lai.  a8°-ia°,-ft. 

Lai;  3       GO    i^ 

f  the  position  of  Polaris  bv 

[,rr  Bno^dinfc       o  k    time      1 

IB  hart    II  e  ohaerv 


ther 


noting  it  f  re- 
b  n  if  on  a 
itlon   may   be 


imatlon  the  fnllontDK  < 
r  aerve  aa  a  fcuiue  -aeteci  a  near  space  of  level  gro  md  not  too 
__J:  hulldlDfes  or  anj  ob]»Trt  which  mlKht  enu«e  loeal  dlsturUance  o( 
Ibe  needle  Ttrlye  a  picket  leavlnjr  Ita  top  smooth  and  level  abont 
18  Inches  above  the  ground  Six  feet  north  of  the  pitiiet  susprnd 
a  plamb  line  from  a  point  hlKh  enoijtti  so  that  Polaris  swn  from  ! 
thf  fop  of  the  picket  will  he  near  the  top  of  the  line  (Qg  111 
The  line  should  \e  hard_  an]  BmootJ     Bio  t   ,^   in  b  di  meter      The 


_„ t  the  ti 

r  In   a   hole   di 


r  Ihe  lln 


Make  n  p  ep  eight  by  punching  n 
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nlwut  i\i  Inch  dlamMpr  In  a  plete  at  paiivr  and  hold  It  OD  the  top 
•■•(  ili>>  OrM  plpk^t :  ailJURt  It  so  thai  thp  Rtnr  Is  Ix-hlud  the  plnnip 
line  whi'n  louklne  IhronKli  thi>  perp.  Note  tbv  position  of  ODe  of  the 
stars  OD  thp  ImaKlDary  clock  taet  at  the  mumpnt  the  obRerratlon  la 
rakcD.  Murk  iht-  position  of  the  pcop  oD  tlic  to|)  of  the  flnit  picket. 
Hud  lay  a  Biraliihti'd)^'  or  ntretrh  a  line  from  thai  point  toucbliiK  the 
plumb  line  to  llu-  second  picket,  riac?  th>'  north-and-tmuth  edge  of 
the  ivmpass  boi  acalnKt  llie  Un.'  or  strnlshiedire  nnd  read  the  Dpedle. 
>'ind    lhi>   uilmulh   of   th#   Blar   at    tliv   lime   o(   observattoD    froAt 

If  the' ■■.  of  rolapla  (Table  VII  and  the  ivadtnv  »l  the 
urrillr  are  both  Ima  or  both  ttrentrr  ihao  ISO°.  Ibelt  dlB.  ts 
rlie  dwIlBBIIwni  rant  It  the  nrrdlp  riViIlnj:  Is  !«■>,  weat  It  It  la 
■tr«■a><^r.  If  >>nF  of  these  iiiiantlltes  Is  Ima  and  the  otber  KrratFr 
Ihan  ISO',  add  :Utt>-'  to  the  lesser  and  take  the  dlff.  whtch  Is  the 
•lei'Uaation:  eniit  If  after  the  aiMltloD  Is  made  The  anrdle  readlns  la 

This  method  will  xive  results  true  to  wlihin'!-'. 

L:^.  DlittBDCvB  pas^  over  ar>-  ordlnarit.v  mcasared  bj  the  atride 
of  a  lUiiH  or  a  tiors--,  or  !■)■  the  ri-volutlons  o(  a  whei'1.  IMstancea  not 
l>a»«,d  I'ver  ar.-  det!:aiin>.-d  Uy  iclersecliou  or  are  i-slimaled. 

l^rlB*  o«  toot. — Th«  length  of  a  man's  parr  at  a  natural  Talk 
l«  about  :li.>  tnohe*.  ti'iIqx  soini>what  above  aod  below.  A  atrlde 
eijuals  two  pacvs.  Eai-h  -ilietvlwr  must  determine  bis  own  leQ):th  of 
pace  hy  watklu;;  sex'-ni:  tlm»«  over  ■  knowu  distance.  An  unnataral 
stride  «bi>u1d  ncvvr  *«.'  tak-.'n.  KdowId::  the  lennth  of  a  pace  or  «tepi 
the  mea:iutvmer.;  of  a  dl«iance  is  only  a  matter  of  eouotUw  «tepa. 
The  counting  may  t<«  d'>ce  m--atally,  and  with  praciU'e  beeomec  a 

Tonndlni;  objects  act  Lviulttlon*.  The  irreate^t  danmr  Is  o(  drop- 
pltw  ly*>  ia.--*a.  Ii  \*  t>'lt?r  lo  keep  a  tally  of  the  hundred}.  By  nw 
o(  a  pav«  tally  all  danuT  »f  error  !:>  avoided. 

On  IeT>'l  Kn>u:id  cu^'fMl  pa.'ln:;  will  kIiv  d'#taDce:>  o^nect  to  St 
IhT  o»ut  or  leu*.  Th'-  o^itia:  i-  njith  of  im'-'  dectt'a*.-*  ob  shnM. 
The  dei:ri>as«  varle*  wl*^  i:.-  -iI.rw  and  with  the  dlr^etlon.  wbirtDeT 
aMVudlne  iT  ■!■ 'to 'ndi ::■,-.  Th-  f ';.i»lns  inhie  give*  th--  Ien:nh  at 
jiaw  ou  tlotW'*  i.<f  ?'  to  ;:i>'.  ivr^-i-^ondlnt:  to  a  normal  pace  oa  a 


Vi'r  rte  »an--:  !■■?.■»■-,  i*!*  l-;t:j!i'i  ut  step  -■tuallir  ■Icv-eutes  with 
farls-e.  s;i.!c.;-'o.-<  *■  ,>ii:-l  te*!  their  i>a«  wbvu  f-esh  .tud  when  ttred. 
iiid  If  i'xf\-  it  ai  ;i::trecl ils4  dllervaic.  ':«e  or«  Leu.:ib  tor  t!w  mora- 

3r>.  .V  (il>rnnoe  vj  a  liotv  nie:i«iir>^  >iy  f-.vl  iM'iu^  may  de  reduced 
If  Ob!  -.orrv't  horlxonial  'ilacnni-r  fL<r  piuitluj^  cu  tiie  map  hy  dM 
;^>;l>.'wiBJ:  ■.;ii.<k.  vhlr/h  'alifv  a.-couii  o'  the  Je>-reit»e  !u  'eojth  of 
uace.  Tii>ie  vil.  and  a'.-io  mC  i:ie  reO'icCTOu  to  (^e  horlii-niaL  Table 
XII  This  ^aSe  t-au  St  use-i  only  wh^n  ihe  lep.;tii  of  pace  ha*  btm 
ilecerfa"ied  on  >vel  .irvuud.  wbMi  -ihouUl  u*':ai:y  'v  <^>Dc.  Wb^n  a 
itraalderal':.*  «trei'.-^  of  road  is  tound  with  fair'}  iinl^or'Jii  '#:omi.  a 
tpectai  ave'ue  Tailn.:  niriy  je  tiJde  over  t  <l:aca'ice  'uvvlvlnx  a 
nlrly  rHirwientiiiilve  raiue  of  tli^e*  and  (hl»  imi-Ui^  rui'«jj  nkiy  ba 


3,q,i,i.dbvGoogIe 
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not  to  lie  bad,  ruli  tlie  henrlDKB  wltb  a  soft  lead 

"bZt  are  fi'ee  from  laree  errorR.     Two  inBlru^ 
a  Blip,  aometimea  piisUlTe  and  BometimeB  negB- 
TiBLB  IX. 

32.  ftnmber  of  revolnllona  per  mllp,  of  odometers  attachea 
to  wheels  30  Inches  to  48  locbfa  akmeler : 
Diameter  of  wheel.  lievoliitlona. 


.  43S.4 
-  *2fl.l 
.  420.2 


Mtae  of  n-heels 

poBton  Ul'--  '  -■ 

\beayyy,  '-, _  — .  _.. 

33.  EadmatlnD  ttt  dtntitnoeii  is  a  koach  which  mny  be  culti- 
vated liy  practice  tn  a  dejo'ea  of  accnracy  far  beyond  that  whlJh  la  at 
Arat  attainable,  and  qiilto  saBlclent  for  the  location  of  tuan;  ob.iecta 
olF  the  traverse  line.  Shnrt  distnncea  are  more  cloael.v  estlnmted  than 
loneer  oneB;  those  on  a  level,  than  those  ap  or  down  hill.  When  the 
iDtermedlate  ground  can  be  seen,  the  estimation  will  be  closer  than 
when  It  can  not. 

A  r&ugh  cfHrnale  of  distance  may  be  mpde  from  tbe  velocity  oi 


by  knowing  the  time  that  elopaea  between  seeing  and  hear- 
■ud  luc  uischarge  of  a  gun,  or  the  fall  of  an  RX.  Note  the  time  In 
seeondB  nnd  miiltlplv  bv  *f"  for  the  distance  In  ynrds, 

DlBtances  acrose  water  are  uanally  underestimated.  The  diatance 
of  the  visible  horizon  on  wnter  In  viUea  la  1.22G  VH;  T  being  the 
belEbt  of  ttie  odserver  above  the  water  surface  in  feet. 

A  cartridge  or  other  small  heavy  object  fastened  to  a  string  1(1 
Incbea  long  and  nllowed  to  swing  tbronght  a.  small  angle  or  arc  will 

34.  Tlie  location  i>f  n.  iiuint  hy  InleMsetlon  Is  done  by 
taking  azimuths  to  It  from  two  known  points.  As  each  of  these 
azimuths    wben    plotted    moat    pass    through    the   unknown    point.    It 

Ad  abiirri-er  nt  an  nnknnwn  point  may  locnte  himself  from 
two  vialble  known  points  by  tHklng  nn  aalmi  .        _  .. 

' "^  jmiots   plot    the    correBpondlni;   back   a 

ect  at  f- '-'  -'  -■■ ■'—      ■"■■■-- 


Intersect  at   the   point   of   obHcnat 


>  greatest  a 


The  accuracy  of  a'  loealloc  bv  Interaectlon  li 
Hon   of  the  Bzlmuiha  and   of   the  distances.      ■ 

resulti  when  the  .irfmuths  differ  bv  00'  or  270° 

equal:  in  which  case  the  two  ailmtiths  ind  the  bate  form  a  right- 
■ngled  trinngle.  A  dlDerecce  of  SElmaths  of  Icbb  than  30°  ur  more 
than  330°  ahould  be  iivolded. 

Brron  In  lenBtb  of  the  bnse.  or  lUsVnnce  \>Bt«pe-\i  \>i*  "«»»■«■« 


points,  aifert  the  distance 

a  by  tbe  same  pereentage. 


lOiwr  «;_'f.In.PiTor,  both  ( 


SEcoimAisa&iroE. 
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spnnrlliig  to  Bloiilng  dlBtfUK^es  loi 
to  Dp  DBpd  Id  the  sHinf  way  aa  T 
slopes  Of  6°  and  less  la  ino  Rm 
Rcaies  and  [a  usuatl;  ncglci^ted. 
the  correction  wll!  rarely  bp  twei 


I  to  Ibe  liartiontal. — DtetaacvB  measured  bIods 


wbeD  mnilf,  are  called  redact 
"  ■  lp  gtvPB  liorUontBl    " 
cradLpntB  up  to  30' 

bles  II  flndin.     TL _  .., 

plotted   on   tbe  cnstomar; 


Tills  table  la 


In  flat  or  oidluary  rolllns  couatr; 


TiHI 


0  diatoacea  on  tbi:  alupe ; 


■  for  gradleulB  ot  0'  t 
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Thu  borizoDtal  dlalnncp  corresponding  to  anjl  s\o^\Qa  a\»vm'^ 
W  «iwte  01"  andlent  maj'   be  tonnd  by   ffni\tlB\3\ns  "I'l  *°^'> 
ntw  ftr  rie  coBlne  ot  tbe  unBle,  Table  SIV, 
W3ie°— J7 3 
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EITGIREEK 

40.  The  protr»c<i>r  is  an  anenlar  Pcali-  ot  equni  parts  naed  for 
□ttJntr  qxlmntlifl-  That  adoDted  (or  rec-ttimalHMiiii'p  la  t\\p  rH-tan^n- 
r  lorm   (flga.  12  uid  13). 


nlRe  on   Ibe  mtiitUaa,   0°   to  tbe  Dortb.      Uake   s 

paper  at  the  proper  gradastlon  on  the  edge  o(  tht  , 

the  prolrftclor  ao  that  one  of  Its  edgea  pasHes  throuKli  the  two  polnta 
and  draw  a  tloe,  which  will  be  the  dealrcd  aiimoth. 

It  the  azimuth  is  more  than  ISO',  laj  the  prolniotor  down  B  faco 
tip.  300°  to  ttx  iiartli,  and  proceed  aa  before.  Tbc  moving  of  the 
protractor  after  scttlne  off  the  angle  and  before  drawing  tbe  IlnjB 
mar  he  avoided  by  adding  n  eannier-clDelEirlse  gmduatian  tg 
tbe  protraL'tor.  The  sum  of  the  two  graduatlona  at  an;  point  wifl 
be  180°.  Place  tbe  center  of  the  protmctor  end  the  given  azlmtitli. 
read  on  the  CDuater-oIoek'nlae  graduation,  on  a  meridian,  and 
slide  the  protractor  Dp  or  down,  keeping  the  two  polnta  on  tbi 
meridian  until  one  of  the  long  edges  pasnes  through  the  given  point 
wbeD  the  aiimutb  mav  be  drawn  along  that  edee. 

A  BemlFlrcular  prolrnctor  ts  nhown  in  flpure  14.  It  Is  UBOallT 
dcuble  gradaated.  In  oppoaite  directions  from  0'  to  1S0°.  With  this 
tonn  an  azimnlh  may  be  laid  nif  and  the  line  drawn  along  the  dinm- 
pter  withont  movlnK'  the  protractor.  Laj  tbe  protractor  down  wHh 
the  center  on  a  meridian.  If  the  azimuth  la  less  than  ISO',  place 
Ita  number  ot  dcjirees  on  the  c«nitiler-eloclnvi»e  scale  on  tha 
meridian  Dorth  of  tbe  center  {Ag.  ie>.  It  It  is  greater  than  180°. 
subtract  lis  Dumber  ot  degrees  from  360  and  place  the  difference  on 
the  clockwise  KCBle  over  the  north  end  o(  the  meridian  (Sg.  16). 
In  either  case  slide  the  protractor  up  or  down.  Iteeplug  the  ceotei 
and  the  prad nation  on  the  meridian  until  the  diameter  pasiea 
throngh  the  point,  when  the  Bzlmuth  may  tie  drawn  along  the 
diameter  of  the  protractor.     Figure  11  shows  a  triangle  gradaated 

41.  Improi-laed  prolrBFtom. — It  a  rule  is  at  hsDd.  a  protrac- 
lor  may  be  made  as  deacrlUed  (or  slope  board  In  pBragraph  14  bj 
citendlng  the  1°  graduations  around  a  half  or  whole  circle.  It 
wltMout  cumpiuBes,  measure  off  the  radius  on  a  piece  of  paper, 
stick  a  pin  through  one  extremity  for  a  center  and  a  Bne  peDCIl  point 
through  the  other  extremity  and  sweep  the  circle. 

If  withont  a  ml*,  fold  a  piece  of  paper  carefully  through  tbe 
■niOdle.  The  folded  edge  should  bo  straight.  Place  tbe  encis  ot  the  folded 
edge  together  and  (old  again.  The  two  edges  now  make  an  angle  o( 
80^,  Fold  again  throngh  the  middle  and  tbe  angle  will  be  45°- 
Now  (old  In  ttcee  parts  and  ths  angle  Is  10'.  Spread  the_paper  i— ' 
Hat  RDd  the  creases  will  represent  radii  of  15°  Inte/ralR.  These  may 
Iw  divided  into  three  equal  parts  by  tbe  eye,  and  the  protractor  will 
theo'  read  to  5°, 

The  hour  graduations  of  a  watch  ore  80°  apart  and  the  mlnnt* 

42.  The  Hpsle  of  ■>  map  le  the  ratio  between  ilimfnaiont  ot 
map  anil  Ihf  correspondtng  dimeneloa 
on  map  and  ground  were  exprelsed  I 
KOiild  always  be  expressed  hv  tbe 
•ponding  to  the  map  unit.  It  1  inci 
Inehep  (ground I,  tbe  ratio,  or  irciili 
usually  described, 

tlvr   frnel 

_,  mnuh  jireater  I , 

preaaed  in  a  larger  untt,  which  makes  the  scale  r 

.-  .   ,_-..    , 1_  ...nil,)  [p^j   (grouadj,  the  acale  la  a 
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M  ERGnrEES  FIELII  MAWUAl^ 

120.000.  beODK  10.00-)  fe>t  equal  1-U.OUO  iBchfs.     Tfei 

1B  ai^ovl  AlfTvjH   iBcheii-      ti4^QL'«  s  iood  ralv  Cor  •  —       -_ 

scale  ratio  Ib  (o  reduce  tb«  gtven  nmnber  of  siooad  imiu  to  Indw^ifl 


on  the  iii_, „ , ..,.__ 

12,  or   15   iocbes   to    the   mile.      Such  scml^  can   be   pat  into   tets 
which  eapress  tbe  ratio  bf  dividing  63,360.  tbe  DomlKr  ol  iuc" 

1  mile,  bj  tlie  number  oC  iachea  gtven  in  tlie  scale.     Tlina.  1  b 

1  mUe  eqiiala  I  -r-  fi3.360  1  2  tucbea  to  1  mile  eqnala  1  -h  31,eS0 :  I 
Iscbe*  to  1  rolle  equais  l  -=-  21,130.  etc 

Tke  iHiale   ratio   ts  trac  far  all  BBlta.      If  a  scale  nlio  ft 
1H-9.Q00.    1    incb    <map>— 9.600   iaehes    leroOQdl  :    1    lout    In 
8,800  leet   (groandl  ;   1  meler   lmapi=8,6l>0  toelers   Iftoatidl. 

When  the  scale  o(.a  map  ii  coanged.  as  bj-  redartfoii  or  «■ 
meat  tbe  B.  F.  dtaose*  too.  and  bence  lav  tatio  riionld  not  be 
on  maps  wbicb  are  lo  be  reproduced.  A  Uhcu-  acole  akaa 
dram  on  rr^rr  map.  Tills  will  be  enlarged  or  mtiHwil 
tbe  map  and  will  always  l>e  true.  Such  a  scale  Is  a) 
lent  for  Inking  distances  from  the  map.      It  consist! 

line  divided  Into  equal  partg  which  are  iiiimbeTed  w:_ ™ 

"""   — '-— —   '-- "^ -   — 1  gnd  diatsnces  on  tlM 

d  tbe  (lad- 


bj  tl 

of  tbeli  parts,  as   acBlea  «<  aUea.  r 
■    em,  etc. 

cale  might  be  constmcted  by  dra 
map  and  placing  opposite  tbe  diTMoi 
eqitlvalent  ground  distance*.    11  is  cuf 
eonTeolent.  lo  take  (he  norobera  at  intrrv 
multiples  of  them,  and  mnke  Ibe  dirlfloDS 

acale   shoulQ    be   dlfidfd    i^--    '    '- 

called  primary  dlvlalai  _ 

and  xecoDd  primary  divisions,  counting  from  lln-  left. 

divisions   are  nnmbered   from    the   zero   to   the   right.  

division  on  the  left  of  the  zero  U  subdivided  Inio  smaller  partK 
called  aecondarr  dlvtalona,  and  tiK'-ae  are  numbered  from  tlu 
aero  lo  the  left.     The  Becondary  are  usually  J  or  i^,  of  the  prim 

To  take  off  any  diataoce  from  such  a  seale.  pat  one  leg  of 

dividers  on  the  prlmarj'  division  neit  below  ihc  di^fancp  songht,  __;^_ 
the  other  leg  on  the  secondar;  dlvlalon  corresponding  to  the  remains 
ing  Btmrea.  .i 

Fignres  18  and  Id  Hive  scales  lor  the  usual  range  of  topographic 
maps,  which  may  be  taken  off  on  the  edge  of  a  str!p  of  pa —  — *^^ 

. . J  ..   . FIgore  20  gives  scales  for  plotting  d 

„,    , „   ,a   foot,   and   flgnr-   ""    •—   •- —   *•- 

Scales  may   be  c _.. ,,_  _>  ^-^ . 

metal  Instead  ot  on  the  mop,  and  are  then  called  plotttaK  a 


red    by    pacing    on    foot,    and    dgure    21    tor    those    b]r    paeinf 


The  scales  niven  In  flgures  18-21  are  plotting  scali^. 
may  be  taken  between  dividers  from  any  map  --'  —-■' 
the  dlridece  to  tbe  proper  one  of  these  scales. 


'\^ 


These  scales  are  not  enffravcd  and  can  not  be  relied  upon  witbitt 

1   per   cent.      They  arc  sufficiently   r ■   • ' — -•    — ^ 

fact,  for  moBt  topographical  drawinf 
#J.  A    terlem   ot  points    connected    „,    o^i 
Jm^",  "■*•'•'"*.  and  rlie  operation  o(  i! 


^MMatet^ai 


aiet^ncea   la    tilled    (nvcrBlns.      The  ^at 
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^P                               Fig.  18 

R.  F.—  -j^  —  s:Z3  to  l"-633',6  to  1  mile. 

R.  F.  —  fJj-  —  10'  to  r—   528" to  1    mils. 

R.  F;-=  ■3^-4T.66  to  r"126?7to  1   mile. 

=2-.  ^   ^  ^   ^  i "'*"'"  1 

1 

R.  F.=  6^  —  50'    to  1=105:6  lo  1   mile. 

»_  ^     s>             0                           5at™» 

j 

J 

R.  F.=  42^-352     to  1    —  15    to  1   mile. 

1 

Un-            90               0                                lOO                             300  yds. 

1 

R.  F.— 5^-440'    to  1"—  12"  to  1   mile. 

"H^Jmu?    "             ™                 """• 

R.  F.— jjL_333;3  to  l'-6:34  to  1    mile. 

100            D           100          300          am          4<XI         UOyds. 

J 

B.  F.— fo56o— SSO'to  r—    5"  to  1    mUe 

■ 

L    'ip^^^ut-         I(»         300          aOO          4C0 5»J-iia. 

„„J 

1 

^^^^^^■r    < 

EKGDIEXK  JZBIA  IIUTITAI.. 
Fig.  19 


R.  Ft- jil^j-  —  1 760'  to  f  =  3.00  to  1  mile. 

ITO    0  ,      ,      ,    '>C0    ,      ,  .   lOOOyda. 

R.  F^55^=-  4400'  to  T'=  l'.'2  to  1  mile. 

lOOO  0  1000 aOOOyaa. 

R.  fr'^j^  —  SISO'Xo  f— i:'00to  1  mile. 

ICOO  0  lOOO 2000  7^8. 

R.  F-,;g„o -10560'  to  1"— 0:50  to  1  mile. 

logo        0       JOOO     aOOO     3000     4OO0     WOOydt- 


I10  8B7BB438 


"■  F^ISsfeo-'^OOO'to  1-25  miles  to  1. 

10 0 10  go M JO  miles. 
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extended  to    Indode   all    azlmalbB,    dlntaaces,    and    cleratloaa    taken 
wbile  runnlDK  eucb  a  line. 

A  tTBverBellQe  wltb  elevatlotia  aloDg  It  ma;  alRo  be  called  a  proflle, 
and  when  the  trnverae  Is  run  for  tile  eipress  purpoge  ot  taking  tba 
cleratlonii.  tbe  aperatlon  Is  called  proflllnKi  and   tbe  line   on   tbe 


larger  tban  tbe  aeale  of  dlatanccx,  or  borlaontBl  acale.  Tbe  ratio 
of    tbe    two    senleB    Is    ci  llpd    the    dlatortlon    or    exnsBeFBtlan 

Ten  or  twenty  feet  to  thp  Inch  is  a  common  Hcaie  Tor  pI "Tilt Ions.  I( 
tbe  borlzontaf  scale  In  d  IncbpR  to  tbe  mile  the  reeultlag  distortlona  sra 
176  and  88  times     Botb  scales  should  always  be  written  below  everj 

Angle*  on  R  diatortPd  profile  are  also  distorted  and  gradients  can 
not  be  plottPd  or  read  wltb  an  ordinary  protractor 

Anglos  can  be  plotted  or  read  on  a  proflle  by  any  of  the  other 
methods  of  eipr«h>ilng  i^adlents  paragraph  11  and  Table  I  Tbe 
hortiontal  fllstanc  in  plotted  to  tho  horlinntal  sr  le  and  Ibc  corre- 
sponding Tertlcal  distance  tj  the  Tertl  nl  8  ale  A  speclnl  protra  tor 
may  he  made  for  any  given  distortion  and  used  to  plot  and  t  ait 
angles  direct  v  on  a  pron  e  hating  ttiit  dl»t  rtlon  To  make  such  S 
protractor  Ibt  oft  a  distant  ot  100  to  the  hortyontal  acale.  At  ona 
end  of  It  erect  a  perpendicular  and  lay  off  on  tbta,  from  tbe  Inter 
■eetlon  distances  c  rrespondlnj,  to  1°  ^  3  etc-  "nible  I  column  2 
These  dlatances  must  be  laid  otC  to  tbe  Tcrtlcnl  scale  Draw  llnea 
tbroufch  tbe  i  Inls  on  the  perpendicular  and  tbe  other  end  of  the 
borlzontal  line  Ibc^e  II  les  represent  the  angles  on  the  pioKIe 
tmrrespondlng  to  t  c  alopes  on  tbe  KPound 

a  Flpldivnrk  Mens  renients  anfl  aldltlonal  notes  may  be  te 
corded  and  aft  rwardi  plotted  on  a  map  or  may  he  plotted  on  n 
man  as  taken  or  tbe  tw  0[  rations  may  be  combined  as  clrcum 
BtancPB  d  mnnd       \  nr  tt  n  rcirrt  also  nil     ftPa  be  re.iulred 

45  A  road  sketch  c  ofMs  of  a  mnn  of  the  road  with  a  narrow 
belt  of  countr  on  Jfh  r  slle  If  r  nl''  i  arallel  and  Intersecting 
talrly'sood''ma"p'^  Ttb       nil  re  t     g    '"^     ^   ™^^      e  com       c 


work   tiy   the  use   of  the   prlaiButlC 
chain  for  dtatBncea    the  prfamBtle 


tbfi  slope  board  tor  gradients 
Bcrlbed  later   pHragrnpli     5 

SI4e    fpiitnr«    nil     If    Imp  r 

plot  It  tr  m  Hat  r     Qt       In  "     h 
by  B  or  L      Tl       f    u       i 


40    TraierilniK  trtth   (niupaaa  and  nodhoak 

amn  thr  e  fonrths  of  an  inch  wide  down  tbe  center  of 
HLee  Of  tbe  not  book  i  Icct  lor  tbe  starllDc  point  s 
^aUt  WhiLh  can  be  Identllied  by  description  Slandino 
itxht  with  tbe  Lom  pa  OS  toward  «omc  b]  ct— tTte  bV.M9  ^ 
it  stone^ — that  will  serve  as  tbe  sneond  atMVoTi  <t  \\vp 
Note  ttie  r  adlvg  ol  iJil  compaisa  and  lecord  U  Vn  ttc 


'^Coofifr 


U  EHGIITEBX  HEIP  XABirAL 

or  tbF  notebimk  st  the  botiGm  ot  the  Afee  left-haiid  pagf,  maUlDg  •iwfl 
tbe  Bymbol  tor  O  1.  Obbtrvr  am]  r<>i-i:rd  also  tbr  aElmutlia  ot  aSvS 
other  obJeftB  which  are  to  be  located  from  G  1.  AJl  the  obsfj — —- ™ 
taken  at  IbiB  sUtiun  are  written  tQ  order  In  tbe  central  coIdd 
_L  .    ...„ —    J    __^    __.     . J    (ogBIber    Willi    tbe 


symbol.     The  name  of  each  objrci 
line  wltf- '-—■ ■      —  -■•-  -'' 


t  aide  of  the  pane  If  oi ,.„ 

ot  the  tiaferee  and  on  the  left  aide  of  tbe  page  if  an  the  left  of  t 
tTBverse.  LI  eleratloDB  ere  lu  be  oblained,  oluiervt  tbe  gradlc 
from  O  1  to  the  •eTeral  objecta  Bnd  place  each  Id  the  Dote]>oek  n 
to  Che  GOTreapDDdlne  axltaiitb.. 

Proceed  toward  0  3,  conntlng  paces.    Bait  wbeo  necei 
and  meaanre  oSietB  to  objedta  on  either  aide  of  the  c 

bearlnga  of  tnteraectlnK  roads,  palba,  atreama,  etc.     n . 

made  a  mark  Is  scored  on  tbe  groDod,  tbe  distance  in  paces  from  ti 
laat  Q  recorded  in  tbe  oentral  column,  and  the  deatred  notes  D    ' 

DlHtancea  along   the   main   line,   ailmuths.  and   gradient  anglea 

are  recorded  In  tbe  central  coiumn.     All  deHcriptl«e  matter  relative  n 

aide  objects  la  placed  ontside  ot  that  column  on  the  side  corn "'— 

to  that  where  tbe  objects  lie.     Eetarn  to  the  scored  mark  an ,,    . 

the  pacing,  beginning  wltb  tbe  number  recorded  at  the  halt,  bo  tbat 
tbe  total  couDt  of  paces  at  an;  point  shall  be  the  number  taken  sioce 
iearing  the  last  G. 

Tbe  center  column  of  the  page  la  taken  to  represent  the  line  actually 
paced  end  to  be  without  width,  bo  tbat  otTseta  in  the  side  aketcbcs  are 
Bimivn  measured  from  tbe  aidea  of  tlie  column  and  not  from  Its  center, 
hing  the  second  G.  record  lis  distance  (rom  G   1.   draw  a 

""- the  page,  write  Q  2  !n  the  center  colnnm  abna 

as  6^re  to  Q  3. 
take  a  back  asTmnth  on  0  1.    This  shoold  dUter 

from  tbe  ailioutb  ot  O  2  truoi  G  1  by  exactly  180''.    A  marked  d" 

ancy  Indicates  error  In  obseryatlQQ  or  tbe  effect  ot  local  att ' 

tbe  needle,  and  ebould  be  Investieated  before  proceeding. 

azimuth  la  taken  It  should  be  the  urxt  observation  made  and  recorded. 

When  opportunity  offers,  take  bearings  on  distant  bends  of  the  road, 
splrcB,  towers.  hllltcTOB,  tal!  trees,  etc.,  and  enter  the  anglEB  In  tba 
Ci'Qter  column  with  the  name  ot  each  object  written  bCHldc  Its  bearlBg. 
Rndeavur  to  eet  bearlocs  of  the  same  dhlant  object  from  aeTeral  ata^ 
le  dietanee  apart.     Thesa,  wb^ 

^ -. jn  point  If  Ihe  observed  bearlngB 

„ and  the  compass  has  not  suffered  local  disturbance.     Itla 

nut  to  be  expecti'd  In  work  of  tbis  grade  that  an  exact  lateraectbtn  Of 
more  tban  two  bearings  can  be  oblalned  except  by  accident. 

When  B  sketcber  at  any  point  ot  tbe  traverse  flnda  himself  In  pro- 
longation of  a  line  tbat  deflnea  or  bonnda  a  feature  of  the  coOtatry, 
n^jcb  as  a  fence,  the  edge  of  a  wood,  a  reach  of  shore  line  o(  river  or 
lake,  ft  gully,  canyon,  or  ridee.  a  face  of  a  building,  or  a  stretch  of 
road  or  railroad.  Its  bearlne  sbauld  be  taken.  Tbe  same  rale  aboDld  be 
obEierved  when  Important  features  come  Into  ranee  with  eaEh  Other 
(torn  a  point  on  the  traverse,  A  valuable  cbeck  on  the  lelatlv;  position* 
of  such  featurea  Is  tbua  obtained. 

If  a  traverse  line  Is  interrupted  by  any  obeCacIe  tbat  interferes  witll 
tbu  measurement  of  distance.  Its  width  should  be  intimated  and  tbe 
pacing  resumed  on  the  other  side ;  or,  for  greater  eiactne^s.  make  »B 
offset,  perpendicular  to  Che  traverse  line  It  possible,  Iodk  enougb  tO 
clear  the  obstacle,  continue  the  traverse  parallel  to  tbe  original  couriw. 
and  return  to  the  lutler  nfter  passlnB  the  obstacle  by  a  second  ottset 
parallel  and  equal  to  tbe  first  and  In  the  opposite  direction ;  or,  locate 
(lolnta  on  the  farther  Bide  by  Intersections. 

47.  The  unit  ot  menanw  abonld  be  clearly  ntnted  in 


notes.      Ordinarily   distances  along  the   course  are  In    pnoes.   white 
estimated  offsets  may  be  In  races,  teet,  yards,  or  fractions  of  a  mile, 

Scordlnit  to  tbeir  disiancea,  and  aI«o  accnrdlog  to  the  unit  lu  which 
i  sketAer  DadB  he  can  make  tbe  closest  estimate. 


BBCOKn&IS&AlTCE.  |9 

i  thf    dlmcQ><loD9   of    liuIldlQKS. 

^  _iBgg«rated,  and  Uxe  irue  dltneDsIpDa,  U  Iniirartant.  muBl  be 

given  la  fiaures. 

48.  The  1i»l  melhod  of  plattlDK  iB  to  plot  fOv  Iriiverae  I1d«h 
and  the  check  beaiiogB  flrst.  Then  any  error  discovered  bj  meons  of 
the  latler,  or  b;  closure  on  the  initial  or  otber  known  point  can  bit 
more  reftdily  corrected.  Wheu  [he  traverse  line  baa  been  adjusted, 
the  details  on  eitber  side  ace  plotted  Id  and  do  not  have  to  be  dianged. 

Tlie  aniat  desirable  for  the  method  of  traverslQK  with  compoBE 
and  notebook  is  the  following:  Notebook  or  sheets  of  paper  ruled  as 
deacrlbed,  prismatic  or  pocket  compass,  pencil  of  mpdium  hardnesa. 
rubli«r  eraser,  pocket  kDlfc,  I'S-Toot  tape,  a  piece  of  twine  100  feet 
long.  The  abaolute  neceBsttlea  are  the  paper,  the  compass,  pocket 
knife  or  pencil  sharpener,  and  rubber-tipped  pencil.  The  tape  mcaaure 
IB  to  be  used  for  makine  small  measurements  'of  distance  or  dlnten- 
Blons.  The  coed  la  uaefiil  for  meaancing  depths  oC  water,  helglits  of 
structures,  etc     It  should  be  graduated  to  yarda  by  k-~*~ 

iO.  The  tapog-rnphle  flpld  Bote' ''  '-  -— '— 

the  foregoing  melhod  of  traversing.     It        .    .. 

It  has  TOlumns  on  either  side  In  which  to  record  the  i 

each  of  which  is  put  down  on  tlie  proper  side  of  the  central  column, 
avoiding  the  neceaaily  of  ualn^  the  leltera  K  and  L.  and  eliminating 
tbe  liability  oC  mistakes  In  confusion  of  the  direction. 

The  nnnnnltp  rieht-hand  page  la  ruled  in  1-lnch  squaraa,  and  has  a 
r  graduated  to  degrees  printed  on  It.  Thla  page 
ilot  of  the  traverse  with  respect  to  which  many  de- 

d  In  more  clearly  and  certainly  than  they  could  he 

recorded  In  wrlltOG:.  At  the  bottom  of  the  page  are  Bcalea  of  tentliB 
and  eighthB  of  Inches.  The  alternate  pairs  of  paites  are  plain  ruled 
for  notes  and  memoranda.  Fl^an^a  11:2  aod  H'i  ahow  the  arrangement 
and  illustrate  the  use  of  the  book  deacrlbed. 

SO.  TravepBlnK  with  compau  uid  drnwlna;  boa.rd. — The 
observationH  are  taken  a  a  in  traversing  with  a  notebook  and  comnaBa, 
bat  the  traverse  line  and  such  offsetB  as  come  within  the  limits  of  tbe 
sketch  are  plotted  at  once ;  that  Is,  the  map  is  drawn  as  the  observer 
proceeds  over  the  ):round.  A  great  advantage  of  this  method  la  that 
any  large  error  In  measurement  Is  likely  to  hfl  detected  by  the  eye.  as 
the  map  Is  compared  with  the  ground,  and  errora  can  he  corrected  on 
the  spot  The  ploitlnit  scale  of  equal  parts  should  be  prepared  before- 
hand to  suit  the  scale  of  the  map.  If  thla  scale  ran  be  paated  or 
drawn  on  tbe  edge  of  tbe  protractor  opposile  the  angular  graduation. 
It  Is  a  convenience. 

The  BidvB  of  the  sheet  of  paper  should  be  letered  N.  E.  8.  and  W  to 
correspond  with  the  points  of  tbe  compsHS,  If  tho  paper  Is  ruled  or 
water-lined,  the  lines  are  taken  parallel  Id  the  magnellc  meridian. 

Havlnii  observed  the  azimuth  at  Q  1,  draw  througb  tbe  point  deslii- 
nating  that  atatlon  a  line  having  the  observed  ailmuth,  Ailmuth 
lines  are  erased  finally  aa  a  mie,  and  hence  should  be  lightly  drawn 
and  with  a  fairly  hard  pencil.  Prolong  this  line  In  ths  direction  of 
O  2  far  enough  to  avirely  reach  that  Q.  If  other  ailmuths  are  taken 
at  Q  1,  plot  them  also,  and  note  on  each  the  object  to  which  it  beara. 
If  tte  distance  lo  the  objept  is  estimated.  It  may  be  laid  off  on  the 
Kctmath  and  the  position  of  the  object  plotted  at  once. 

FroceedInK  toward  Q  2  to  take  any  desired  side  shot,  halt  abreaat 
«f  the  object,  plol  the  distance  from  O  J  on  the  course,  estlmale  the 
dlltancc  to  the  object,  and  plot  it  In  at  tiiat  diatBDce  opposite  the 
point  plotted  on  tbe  course  and  on  tbe  proper  side. 

Arrived  at  O  2.  lay  oflf  the  entire  distance  from  0  1.  and  pint  and 
uaA:  Q  2.  Erase  the  ailinuth  line  beyond  Q  2  ;  take  and  plot  any 
other  desired  aBlmiiths.  If  anv  n(  them  are  to  points  previously 
■iKhted  to.  make  the  interacrlinna  and  plot  and  mark  the  points,  in 
plotting  azlmoths  to  tdde  olijecis.  It  Is  better  to  draw  only  a  abort 
part  of  the  line  near  the  object  to  avoid  contusion  of  lines  on  ttie 
riietch  and  especially  near  tbe  station, 
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W  EITOINBEK  FIXLD  MANUAL. 

■M.  Thr  (ullon-lnii  «utllt  In  dpiitrahir  (or  traTerriDg  b;  tbla 

iiiolbiiil :  A  thill.  Hiniinth  hoard  12  liy  IS  Inchea,  to  which  the  paper  la 
HllUfhiii  [•>-  thuniUlRi-kii  or  rnUuT  Ixinds,  prtBmatic  or  pocket  cotd- 
|lnl«^  i'lln<imi'li<T  or  8lop«  Iward.  a  r-x-tanj-'iilBr  protractor,  a  plottinK 
M-alo.  Irail  iHiirtl.  No.  :i  or  4,  nibber  eraser.  25-foot  tape.  100  (ret 
o(  Iwlnt-.  wntrii,  itorki'l  knltp.  ntnvaa  tovit  for  board  and  paper,  note- 
Imok.  .\  lli'lit  Klnaa  la  alwi  wr;r  uiwful.  Onod  work  no  be  done  with 
a  Ifm  rlsboralr  oumt.  or  with  Impruvlaetl  arrank-emeuta  Cor  aome  o( 
thiiiv  iu(>uttnnnl.    The  ilravrlni;  bnnnt  mnv  lie  udllied  as  a  slope  board. 

SS.  ,\   riHMl   aki'lfb   will   bi>   lonu  and   nnrrow    »'"i   '»">  •>'   "'-• 
Klroti'lit*  ahnulil  bp  cot  on  a  Iwurd  It  potwIMo. 

i>(  the  itxc  Indlmti^  wr'"  —' -■  -  — ■-  -•--■ 

nin»  lilt  thp  paivr  marK _  _  _. 

riflNnf  iif  ».     llark  tbc  U-RlnnlnK  of  thf  Deit  aectlon  B  and  t 
CoaflNHof /niM  .1. 

Wtii>rrv(>r  «1m>  a   rimil    runii  off   the   map.    mnke   a    marginal    note 

"To . mill's."  trtvlLg  the  name  and  dlatance  of  Dear«st 

wttlrnii-nt  or  i-onsplcuoua  toiwcraphlcnl  frnture.      If  tbe  road  orosaea 


la  Mid  to  Iw  oH^ntnl  when  m  placed  that  Its  true  meridian  la  parallel 
(o  the  trw  merHllan  t>n  tlw  mmiDd.     Wfank  at^oe  maga^tle  «-* — "- 
maklni;  Ihe  niaftnfili-  nu-rldlanK^maii  and  fnvand — parallel, 
._• ... . ._       n-Jien  a  map  Ik  orlen"'    - 


Hw^ed  aa  a  pro|>er  OTlentailus.  n'hen  a  map  Ik  oriented.  «ith  any 
ltlv«n  ivlnt  rertlt'ally  <>ver  th<>  («nv)>|<ODdlni;  point  on  the  Kroimd.  a 
mler  brld  on  tho  Mint  or  aiatlon  on  the  map.  and  pointed  In  th« 
dlr<vt)oii  of  anr  ulOfi't  lElTen  ihe  azlmnth  of  that  objeel  on  tbe  map. 
So  annular  measurements  seed  1>«  made.  A  i,-iimpac3  ta  not  necea- 
rarf.  but  It  U  very  n^venlent  as  It  affords  the  quickest  means  at 
oHenitiv  iti>>  map. 

*1.  T«  ram  ■  tntTPva*  Ity  thla  naetkod  as^Time  on  the  map 
tnttlal  iwint  and  the  maimeilo  meridian,  aelei-iine  them  m  tliot 
iwaml  dlm-den  >•(  the  itarerse  will  ooini'lile  wlih  the  looRFt 


of  the  paper.     riae«  the  tswril  over  the  drsi  -nation Tu; 
s«   on    It    with    the   north-and-st>nih    lice    paraLlcl    to    the 
>l  turn  the  N>Anl  until  the  needle  reads  north. 


ilw  iwaml  dlm-i 

dimrnsii'D  of  the  , _ 

ih«  •vGipasa  on   it   with   the  north- 

MMUauil  larrldlan.  acd  turn  the  N>a:..  _ 

The  Nmid  I*  then  orlectAl,  arJ  must  l>e  In  this  po-ltloa  wbe 

a  atitht  If  takes.      I:  fhoa^d  also  ^e  lerel.  as  nearlT  as  e*a  be  deter- 
tr.lnei)  ^y  the  rye. 

I'la.v  a  rx'jT  o=  tbe  station  point  of  the  xatp  a^d  alcht  it  In  the 
d-.i*ytU'=  i-f  E=!f  .•^.•^■t  whl.h  H  U  de«i™l  to  ;;oi.  Draw  a  line 
n'<>sc  the  n^  >-f  the  tcUt  and  on  it  lay  tS  w  the  adopted  ftale  the 
.!:«;as.Y  of  tie  .-■.  fert  If  kEowa  or  assaaxAL  Whea  a":  ^he  de«Ired 
ai!=:=th#  hav(  v>s  TAt'-n  frvm  :he  *:alloa.  tUhi  the  r:::er  to  the 
MV\-Ei  sts::."::  sv '.  -.'.rsw  its  aTi=:-J!h.  s:d  ttes  iTV-.'wd  t*  that 
f.n'.wr-  VJ.-.ViE  T^;  .;'»Tsi,--.  Arrivv^  a;  Tt*  ;>'rwan'.  s:a:!i».  plot 
;>.e  via.vi!  .'.-.stitv.;  .  ■::*;■.;  rt*  !van!  vi.tr  th*  jm;:.  =.  s:d  proeeed  a* 

i^-l=  ;^e*WJ^.-v.l.'-.'.w  iV::;::::5*  e-.at  V;aii'=  * t .'  Ti'i-ii "whl.-h  wCI 
'.\-.:'.f  tSi-r.-    ,>    ;r-':**.-:'.;r.   -S*.  i*^.     K  r;   .vr.--,A*«  ;*  at  bacd. 


L,:,il,z.d.,GOOgIe 


BECONKAISSASCE. 


'  »Mr  nt  II  Tt^  <  D 


n 


SH8IHEBK  ITKLD  XAXIT&L. 


'  Engineer  Department  baa  dmlgDed  a  ataadard  reeaiHM<*- 
iptnenl  (flga.  26  and  27)  based  solely  apoD  the  plane-taUa 
All  toiiDS  ol  Bketching  board,  with  mler  attached  to  the 
ve  been  dieeerdei].  The  design  and  plan  of  aBslgnliis  the 
I   to  the  aeveral  arms  of  the  serclce  has  Deen  approT«d  bj 


I  alidade. 

I  board,  HkEtchlDg.  1  pai«  tally. 

t  chest,  sketching  oatflt.  1  pencil  pocket. 

1  clinometer,  ueritce,  vltb  case.  1  tripod,  wood,  iDldlng. 


12  celluloid,  sheets.  C  pencils,  drawing,  H. 

2  erasers,  rubber.  2  pencils,  green. 

6  pads,  tlmlnj:.  2  pencils,  red. 

72  paper,  sketching  board,  sheets.      'J  protectors,  pencil  point. 

2  pencils,  btuc.  2  tape,  adhesive,  rolls. 

The  approTed  distribution  la  one  outfit,  as  listed  above,  to  each 
regimental  and  battalion  beadquarters  ot  Inlantry,  cavaln,  and  fleld 
ortlllerj',  and  tbrce  to  eadi  eoKlni^er  tool  waison,  bIvIuk  b1i  per  com- 
pany or  three  per  uiouoted  company,  llendiiuarters  ot  higher  engl- 
nuer  units  and  dlvtslon  or  cblef  eniTlneers  not  attached  to  engineer 
units  receive  normally  three  such  outflts,  but  divlxlon  and  chid  en- 
glnoers  may  receiVf  a  larder  number  It  they  so  reqalalHon. 

The  alidade  Is  a  triangular  xcale,  10,%  Inches  long,  weighted  at  the 
ends,  la  couTpuiently  j-raduated  and  has  blank  spaces  tor  pasting  on 
._........-.  ..,-...,  ...  ......    ,— .    ._i   jallop. 

...    ...    a-incu    wiiite   nine,    wi"       -' 

wariJlnc,  and  bss  s.  . . ._    _   ..      ._   _.. 

of  expansion.     The  needle  la  ti  Inches  lonjt  and  qui 
each  corner  of  the  board  la  a  aubstantlf '     "-  --  "--" 

In  place.     No  plumb  bob  la  provided.  L_.   .._.._        

so  that  a  plumb  bob  can  bo  Improvised  and  use  made  of  the  slope 
scale  on  the  board  In  caae  the  clinometer  should  be  tost.  The  plate 
on  the  back  of  the  board  Is  let  In  flush  ao  that  the  tioard  can  be 
turned  frwly  on  the  tripod  for  orientation  and  then  firmly  clamped 
by  a  alljrbt  turn  of  the  tripod  screw.  -Vs  the  tripod  Is  not  nsea  In 
mounted  Bketchiae.  boleti  have  been  bored  nt  the  corners  of  the  board 
tor  the  Insertion  of  a  earr.vluff  cord  If  desired. 

The  tripod  in  of  wood  with  telescoplnu  legs,  which  fold  to  IS  laches 
or  extend  to  about  40  Inches  and  detach  from  the  top  tor  paeUng  Id 
the  container.  The  lop.  also  of  wood,  is  provided  with  a  beaT7 
thnmbscreiv  for  iittarhluK  the  board,  and  Is  coTerml  with  felt  to  give 
a  Arm  bearluc  without  sticking  or  binding. 

The  celluloid  sheets  arc  tor  use  instead  of  sketching  paper  during 
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5T.  A  fobjI  recofmalsjiaEice  fllkODld  procnre  data  on  tbe 
folio  wins  ■object  HI 

Tlie  Foad. — Gradlenta,  eapeololly  the  steepest  i  width  of  roadwaj  ; 

.. J    _..j...     ..._^     _..:i   — iitlon  lit  pavluu ;   width  and  dcpib  ot 

gr  dry ;  If  not  paved,  charncler  ot 
1  ot  fences  and  widtb  between  them, 
phere  the  roud  IB  in  embflnkment  or 
Bouble  or  pasa.  and  where  toot  troops 
■    betweon    the   wagon    track    and   the 

BFiaces.—MateFlBl  ot  piers  and  abutmenta ;  type  and  material  of 
scperBtructuie,  as  girder,  truas,  arch,  auapenHlOB,  wood,  steel,  stone, 
etc.;  width  of  roadwaj.  and  clear  headroom;  safe  load  (see  Bridges). 
Of  bridges  oTer  the  road,  clear  width  and  height :  over  streams,  the 
nearest  bridges  above  and  below  and  whatever  Information  can  tie 
obtained  about  them. 

The  conntrj-. — Cbaracter  ot  cultivation  or  natural  vegetation; 
sreaa  and  density  of  timber,  underbrush,  vines,  especially  poisonous 
ODES ;  marshes  and  fords,  kinds  ot  fences,  nature  ot  soil ;  general 
conBKnratioQ  of  surface,  especially  high  hills,  long  ridges  or  valleys, 
blnlls  or  slopes  too  steep  to  scale,  aod  practicable   routes  to  their 

erate.   quick,   or 

iipg  and  above  and  below,  and  how  moch ; 

stock  ;   fords  at  or  near  crDsalng ;  length. 

iproaches ;  levei's  or  embankments,  height, 
ana  loicuness  on  lop ;  ii  navigable,  to  what  distance  above  and  below 
and  (or  what  claea  ot  vessels — sleomera,  natbonls,  rowboats. 

Tftvraa  and  vlllaKeii  passed  through. — Name,  location  on  map, 
and  population.  Names  of  streets  to  be  traversed.  Material,  a> 
stone,  brick,  frame,  log :  size,  1,  2,  3  stories,  and  distribution,  close 
or  Bcatteced,  of  the  houRes  In  th09<>  streets ;  gradients  of  Intersecting 


railway   depots,   post,   telegraph,    and   t 
fountains    --■"    — •— '—   • <-•    -•    - 


offices;  of  drinking  fountains  and  watering  troughs;  of  elevators, 
■torebousea,  or  other  accumulations  of  food  or  forage :  of  blacksmith, 
wagon,  and  machine  shops. 

WbcB  ordered  to  malce  a  complete  examtniittoii  of  u 
town  or  vIllaEs  note  besides  the  foregoing,  locaCioo  and  sice  of 
principal  buildings,  halls,  court  and  school  houses,  chaccbes,  banks, 
jalla,  ahd  their  ownership :  sources,  mailmnm  quantity  and  distribu- 
tion of  wntrr  supply;  sanitary  conditions  and  dinposal  of  wastes; 
location  of  railroads,  dcpolB.  freight  houses,  sidings,  etc. :  for  a11 
roads  entering  from  the  surrounding  coantry  the  same  Information 
as  scheduled  above  for  afreets ;  location  and  extent  of  oiH-n  spaces, 
and  of  large  substantia!  buildings  stabdlne  apart ;  location  aud  eitent 
ot  Eligb  ground  within  range,  especially  that  from  which  streets  can 
t»e  enfiladed. 

RallroadB  eroaaed. — Name,  gange,  single  or  double  track,  sidings 
and  iqadlne  platforms  at  point  of  crosalDE ;  crossing  at  grade,  over 
or  under :  distance  and  name  of  ni^areat  station  each  nay ;  direction 
and  dlstaocB  of  nearest  roundhouse,  shops,  etc. 

SB.  RiTcr  rec on iialaaa nee,— Designate  the  Imnks  as  right  or 
leH,  the  right  bank  being  that  on  the  right  hand  when  looking 
down  the  stream.  If.  when  standing  on  the  bank  facing  across  the 
Btfehm,  the  current  flows  from  left  to  right,  the  observer  Is  on  the 
rlgHt  bank;  It  from  rlgVit  to  left,  he  la  on  the  left  bank. 
Tf  the  stream  Is  navigated,  pilots  and  residents  will  know  distances 

S  channel  between  landings  with  Hufllcient  ncrurncv  for  the  purposes 
B  fleld  recoiinalssanup.      In  making  a  traverse  aWft  V.\e  \.vs6m.  i'^ 
the  river.  It  may  he  desirable  to  croaa  Itom  qqb  »\i*  \.o  'fit*  iJCom  Vi 


ic^r 


CocW"^ 
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:o  be  mndi 

t  etnttoQ  tntn 


ODQearatfon.  heights  of  Ilmltlni;  ransct^ 

na.da  cFoBalng  them :  cnmm.indlaK  ground 

'   of  considerable   length  can  M 

cnitl'vatToD  0.  ..._  ^  , 

to  fbem  from  the  river. 

The  ■trenm.— Its  width,  depth,  and  velocity:  navigability,  is  tot 
sipamboats,  flatlionls,  rnwhoats,  raftn,  acd  head  of  Davlgatlon  tar 
encb  :  nature  of  obatrnctiona  to  navlgHtlDn  and  possibility  at  removliMf 
or  avoiding  them  :  Beason  of  high  and  low  water ;  average  rise  anq 
fall :  mpidTty  nf  rise  and  tall,  and  (^anEea ;  amount  at  drift :  cbaracttf 
of  bnnka  and  relative  oommnnd.  Quality  of  water ;  amount  ftnd  klnS 
of  aedlment  borne;  usual  period  and  tbtckneas  of  Ice. 

Trtbutartra  and  ennui  ■— Width,  depth.  naviBabllltj.  and 
means  of  croBalng.  Nature  and  purpose  of  canals;  dimensions  and 
llfta  of  lochB ;  time  for  lockages ;  menus  of  destroying  locks  and  effect 
Of  destruction ;  floating  plant  found. 

"-"Trm  anil  (orda. — As  '-   — 


Irldgpn  and  (orda. — As  In  road  report.  AIbo  for  bridges  noW 
'"' —  of  the  ehunnel  nnil  navigable  width  between  plera:  height 
«  and  lower  cbordB  above  the  water  at  different  stagei;  01^ 
9  nnd  openiMoQ  of  draw  Bimne.     Note  the  einct  position  iX 


length,  width,  and  nalvire  of  bottom;  velocity  of  c 

of  deep  holes :  aids  to  croBBlng.     Fords  should  not  be  mure  toan  »  ibbe 

4  Inches  for  cavalry,   3)   feet   for  Infantry,  and  2  feet  4  Inches  for 

Kios  and  ammunition.     Note  nntiire  of  HpproBches  to  brldses   aiiS 
rds:   width  of  roadway,   slopes,  soil,   effect  of  weather  and   (rafl^ 
Note  especially  the  defenalbllity  of  bridges  and  fordB.  ^ 

Feprlea,  boats,  and  other  mvans  of  prosalnn;. — Position  of 

ferries :  approaches  and  prnctlcflblllty  for  horses  nnd  loaded  w« "■ 

slies.   number,    nnd   kinds  of  boats:   method  of  propulsion ;  sltL_ 

mllltsry  bridges  or  ferries :  character  of  site  for  constrnctloo.  nse. 
nnd  defense :  proximity  of  lalnnda  nnd  trlhotary  streams :  appmnchM. 
and  slope  of  banks  ;  width  of  river  and  maximum  surface  ,ver»cl&  af- 
current;  DinterlatB  for  the  construction  or  repnit  of  boats,  bnifgcBj 

.mmlng  or  ofei 


trees,  posts,  etc.  Even  nben  ho  mnrked  a  dip  in  the  roadbed  of  . 
or  4  feet  may  render  the  road  Impassable.  A.  railroad  bed  IB  booi 
washed  out  ei-en  by  n  slight  overflow. 

59.  Ri^cannHlaanare  ol  a  railroads— Thp  line.  Local  name 
terminal  points  nnd  distances  between  atatlona  and  other  potBOi 
gauge;  single  or  double  trackj  condition  of  roadbed,   ties,  and  n 


condition  of  right  of  way  for  marching  troops  along  the  tine. 
~'nnne1a     and     biiilKei. — Number    and     location ;     dim 


WRSboutB :  facilities  for  cepaii 
dlmensldiMti 


strength  of  bridges ;  means  of  destroying  and  repairing 

'  DtQOli. — Number  a 
'tj'  for  transporting 
'fuff  armored  trains, 
aclly  ot  Bbopa  and  a 


„  .  icli. — Number  and  natare  ot  engines  and  cars  &VBlfl{ 
ieepaclti-  (or  transporting  troops  between  given  points :  fncIlttW 
aaatruct/oe  armored  trains,  as  snare  rBlla.  o\a  \io\1«».  ete.",  Iw 
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StBtloub. — Name  and  location;  facilltlea  far  entTslnJaj;  sdcI  de- 
training troops  wltb  wugonn  and  bord?E ;  pliitfarmB  on  tbroiigh  line 
and  Biainea :  ramps;  alclptratks,  nnnil>er  nnil  eapncltv :  tucntnblBs: 
irater  tnnlm;  Cue]  supply;  atorace  tncUitlps;  derrlcKa  hf  urnnea ; 
rroas-overs  for  teams  nnd  pedeatrlnns.  FHcllItles  nt  baud  tor  hoB- 
pltals,  camps,  depots :  for  feeding  men,  heatlag  ooffee,  watering  boraei 

mber  and  location 
blgbwajB,  roads. 

BDd  ctobsIdrb  of  ottier  linea :  relative  eleratloD  ;  faclllUes  lor  laying 
tcmporarr  Kwltohes  and  sldlDga  at  statioQE  or  between  crossing  lines. 

Defetutbllllr— Helgbts  commanding  line  of  road:  defeuBa  o( 
BtatloQH  ;  dpfense  at  road  and  telegrapli  llnea  agalnot  raldlnK  parties : 
Btrnctiires  exposed  to  demolition ;  defense  and  attack  of  aame  i  detllea 
and  liver  crossings. 

80.  RecoBBBlHKBiice  ot  a  -TTOt>d  or  forval. — Note  all  roads 
and  patbs.  and  all  hills,  ravines,  and  atreams  within  the  wood  ur 
skirting  the  edges ;  kinds  of  trees,  density  and  growth ;  andprbnisli, 

prevalence   of   polsDnonFi    shmbs    """*    "" *""    -~    *----    — - 

Bnaces ;  practicability  of  forralng  __      „    ^. 

•bstaclea  by  felling  trees ;  if  tbere  are  no  roads  traverse  tl 
nraetlcable  patb  between  the  point  of  entrai 

rive  compass  bee   ■  '    ■ 

.  .   .  r  forms  of  the 

flank    other  parts.  ...  ._  .  _.        , .  _      , 

■mattered  trees  or  clearings;  nndnlatlona  of  the  gronnd  that  would 
give  cover  to  atfarking  force  or  to  defenders. 

6J.  Re€?onMafitasiice    of    inoiiBtBim.— Note    the    Dnn 
positions  of  passes  tbroiiEh  the  mountains,  of  roads  and  tr 
■  practlcahlllty.   and   i 


duration  ot  SDOwdrlfts  od  roads  or  passes 
tore  of  fore-t  growl 


poBilblU^ 

-low.     Nol 


lite. — Loaitlon.    rievaiion.    bdhi    area  ^    sBonari    ipBiur<-B,    suun    ■■ 
raloage,  dryness,   snd   general   ibararter   of  top   soil;   proilralty   of 

C^naunnnlcatloDii.^ — ^nuAcfeiicy    of    existing     roads    and     psthFi, 

Is  available  for  impro 
ntlon   and   terminal   ft 

—Location,  kind,  i 

'     w   for   Oiling  wa 

,  ..  .    _ ,  .    d  bathing:  nature  ot  sopply,  as 

■ells,  sprlnga.  running  streams,  and  its  rellablilty. 

Shelter  und   e-nnvrnlnipe".— Proximity  of  trees,  bniah.  wood. 


villa; 


and   straw   (or  huta  and   bedding ;   of  markets ; 


Deffr'naibllllr 

of   outposts 

nd   guarda:   loca 

the  camp  ;  force 

lo'h^^poSltlonH 

which  may 

ommBn''d''tho 

-Th^'  problem  u 

.    63.  ReconoBl 

clodes  the  select! 

as  topographical. 

In  the  selection,  and  the  e.ite 

in  ■mXi'ictk  \.1s»:-^ 

HF  EHGIHE&A  FIELD  KABTTAL.  ^^^^ 

Vtnct  rulM  mn  not  be  g\-r-n.  bnt  G.OOO  iDtnntrv  per  jnile  or  S  IMB 
|wi   yanl  Is  tbe  uniial  pBtUuate.  il 

Tim  Aanlia  mnut  he  Kepnpp.  Impn^Ei&bLe  natnrnl  festnrea.  .ai 
liver,  miiUDtaln.  or  Btream  form  thp  he-^C  Oanh.  I.B<;kinE  UteBC'.fi 
WiHHl,  a  itwtp  ravine,  a  cliff,  or  a  high  hill  will  serve.  Hven  nrHH 
*^ — 1  fralum  abcenl  b  flmk  may  be  utrensthened  by  the  conittvH 
at  a  (trons  ''arthworli.  hut  the  genprnl  rule  obtains  that  natuwl 


WlUkniHM  of  the  llBnkK  mDEt  be  made^np  hj  b  Freaier  nnmber  of  1Mb' 
_.  w_   ...    _._......        ...        .       .....  .,  ,  ^jj^JJ 


r  tij   Ih*   BOtMtltutloii   of  cavalry   for  lufatitry   Id   atae  the 


fliTnra  the  moTeiDetitB  of  mounted  trnopn.  iM 

Ir  thP  flaaka  are  nBturnllT  ntrnnv  the  line  Hbonld  Iw  witha 

llrawn    to   make   tlie  entire   position    reentrant ;    If   the   flKnln*  amK 


-^   -.-.       -■   held  Rtralgbta. 

ailTflDi-pd  an  nn  to  make  the  poaltlDD  straight  or  xalleDt.  -Ji 

Tiia  armn  «f  the  poaltlon,  or  its  eitent  In  Tear  or  tha  flriMt 

line,  ■liHiiId  afford  natural  cover  for  RupportB,  rpserrea,  &nd  tnlBW 
whiFh  ma;  require  a  total  drptb  of  800  to  3.400  yarda,  hut  ■  shM 
""'tlDB  may  b«  retatlvely  shallower  than  a  lone  one.  Three  or  tmn 
ill«t  rlUgn,  300  to  600  yards  apart  with  the  Intervening  BrouE 
,_tin»bl*.  form  ati  eicellent  position.  If  the  flrat  ridirff  la  BomewUS 
IflWr  tliBtl  the  r<>ar,  so  mncb  the  better,  Whntnyer  cover  them  mm 
-  fof  the  compnnpnt  parts  of  the  far[^r>.  wbi'thnr  raliiral  or  artlfidiS 

.— .    a...r —    . ...     -Thould  be  shown  or  denerlbed.     If  6iggSMm 

nd    the    character   of    the    soil    ahoald  iB 

NtrnnK  pnlntu  In  front   of  the  line,  wMrh   may   be  occopImI 

M   ciiitpoili,    HboRld    be   BhoWQ.  lA 

OttmmnalcBtlon  ahonld   be  free  tn  erery  dlrectloo,  rnnrniliB 

■e  tar  aa  possible  from  the  enemy's  view.  .J 

'  AFtin»pr  poaltlona  are  required  when  that  arm  la  repTManM 

Jt  tna  oeeupylng  force,  be  — '"   "-  ■--   "--   "^ —   -' — •"■ 

nrmU  the  guns  to  nweep 

Mlcb  the  enpmy  can  adva: ._    .._ „_. „ 

Mint  1o  front  of  the  position  and  within  ranee  which  commaDda  aKT 


IR  til*  oeeupylng  force,   as 'wllfasually   be   the' case.      They' ~i^>in)l 

_ — J.  ....  —     ^ __  _^|  [jj  trout  of  the  poaltlon  ova 

„_..  „*  ,«.....„g  range.      ■»—— 


Rangi-s  at  which  the  enemy  can  bo  aecn  and  reached  by  artUlerr 
lira  i  the  points  beyond  rifle  ranee  covered  by  aocb  Bra  and  Ita 
ralatlve  cammand  of  adverse  artillery  positions  should  be  ahowD  or 


d*a( 

If  pomlble,  similar  Information  should  be  obtained  of  the  groiind 
Ukalr  to  lie  occupied  by  the  enemy  In  forming  for  -"--'-  --  -- 
WtlBR  up  a  counter  position. 

\  jinHtllon  oeenpleil  JtY  a-n  enamy  must  be  reoonnoltentd 

(natanee,  and  few  detallB  ran  actuall.v  be  seen.     Valuable  In- 

«  may  be  drawn  by  remembering  that  the  enemy  has  probably 

.   .      bla  poflltlon  In  accordance  with  the  principles  above  given. 

Bapeelal  attention  should  be  given  to  the  aanks  and  the  CeaalhllltT 

girnlng '^  — 

•    U   lurhes 


A^i 


....  of  tht_., 

sftlan  alceteb  will  usually  be  on  a  scale  of  d  Inchea  or 
o  the  mile.  It  will  be  found  mosl  cuuvenleat  and  ex- 
>  make  It  by  the  compass  and  draw  Inn-board  method 
r  the  method  with  oriented  board  alone   (par.  54).     ""  - 

HTerao  will  InelDde  tbe  fpwest  iiolntn  from  which  the  i-ntlre 

"S  be  seen,  often  only  two.  and  all  other  features  will  be  located 
r  Intenectlons  from  these  tinluta.  ElevatloDS  may  be  taken  by 
ape  board  or  dlnometar.  the  height  of  the  Brst  point  occupied  being 
Kirarlly  assumed  it  not  known, 
t  two  points  can  be  found  wbleh  overlook  the  area  is  front  of 
m  and  which  are  alao  visible  from  each  other,  Ibe  t^amvitBa  n 

~>^  the  two  polnta.  Avaume  tbe  poaltlon  of  imi'  at  the  po 
tbe  line  JolnlDg  them,  so  as  to  bilng  the  desired  area  on 
Tram  rile  drat  point  lay  off  on  the  Uue  tbe  A^Ma,vc«  bet* 
VintB  to  the  nclopfwl  sc'ale  and  plot  the  Beconi  to'"". 
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line  Joining  tbe  two  Is  caUe:!  the  base,  am\  will  tw  near  one  edge 
ol  tbe  board  If  aU  fhp  ari-a.  to  be  mapn.'d  Ja  oo  one  side  of  tbe  llD« 
or  toward  tbe  middle  If  It  in  on  both  sides. 

Place  the  board  over  the  flrat  iiolnt ;  lay  the  ruler  along  tbe  base 
and  turn  the  board  until  the  ruler  points  to  the  Becond  piilnt.  Keep 
the  board  In  thiB  povltinn  and  point  tbe  rnler  sueceBaiTel;  to  tho 
objects  to  be  locatea,  drawing  the  lines  as  explained  In  paraaraph  G4. 
Gradients  an'  nrltti>n  alung  the  corresponding  azfrnuths.  One 
grndlpnt  Bbould  be  taken  to  eaeb  point  determined. 

Proceed  to  tbe  seeond  point.  I.a;  the  ruler  along  the  base  and 
point  it  to  the  first  point.  Point  tbe  ruler  to  the  objects  to  be 
located,  marking  where  it  crosses  tbe  line  to  tbe  aame  object  drawn 
from  the  llr»t  point. 

66.  CoBtonrlnK  Is  a  method  of  eihlblting  relief  ot  grouDd  by 
means  of  lines  so  drawn  on  a  map  as  to  Indicate  points  ol  equal 
elevation.  The  Hues  so  drawn  on  a  map  and  the  rorreBpondlag  linei 
on  the  ground  are  called  cnntoiirs.  The  word  conloaring  Is  applied 
to   the   nelawork   directed   especislly   to   obtaining  data   for  drawing 


the  eonloap 

on  the  same  map.  'roe  uorizontai  uistance  between  contours,  meas- 
nred  In  a  radial  direction  with  reference  to  tbe  curvature  of  the 
contours  will  be  referred  to  aa  eonlonr  dlatnnce. 

The   tbeory   of   contouring   is   that   no  InadmlsBlble   error   will   be 

— '-   >—   BUppoBlng   the    slope    ot   the   r -*    ' ~    --'-'    '-    ~- 

D  the  corresponding  point  In  ti 


mnde  bj  aupposlng  the  slope  ot  the  groond  (ron 
contour  to  the  corresponding  point  In  the  neit.  or 
diatance.  to  be  a  straight  line.     """"  '"  "   —       " 


will  be  made.     If  In  flgare  28  the  curved  line  A.H  represeotB 

the  actual  surface  of  tbe  ground,  and  points  1,  3.  &,  tbe  elevation 
at  Bnccesalve  contours,  the  broken  line  1,  3,  5.  will  represent  tbe 
assumed  ground  surface,  and  Its  departure  from  the  line  AB  Is  the 
error  Introdnced.  It  now  tbe  points  2,  4,  and  6  are  also  determined, 
or  the  contour  Intervals  be  reduced  one-halt,  the  assumed  Blope  Is  1, 
2,  3,  4.  6,  a.  which  differs  less  from  tbe  line  AB  than  the  line  1,  3,  S. 
and  hence  Introduces  less  error.  With  points  determined  at  very 
short  intervals  the  error  la  practically  eliminated. 

1(  contour  dlstunces  deereane  with  elevntlon,  or  the  contours 
become  closer  as  they  go  higher,  the  Blope  la  codcavc,  and  points 
between  contours  ar^  lower  than  the  atralgbt  line  Joining  corresiiand- 
ing  contour  points.  If  tbe  contours  liccome  closer  as  the  ground  falls. 
tlie  ground  is  convex,  or  Ilea  above  the  straight  line  Joining  cor- 
responding contour  polnta.  A  polnl  of  Inflectian,  or  change  from 
convex  to  concave.  Is  at  the  point  where  the  contour  distance  Is  less 
or  greater  than  those  on  either  side  ot  It.  Bqanl  contoar  dlstancea 
correBpond  to  uniform  slope. 

07.  One  contour  does  not  neceRsarily  Join  all  the  points  ot  the  same 
elevation  on  the  map  but  only  those  which  have  a  eontlnnons  series 
_.  __._._  ..  .1 1 — ^ —  <_._. —  .. — ^       jj  mgy  require  aeveral 


over  whicb  they  could  be  connected  Is  not  on  the  map.  The  selectloa 
Of  the  poIptB  to  connect  In  one  contour  Is  tbe  difficult  part  ot  tbe 
procPBB  and  can  not  he  done  correctly  without  thorough  knowledge 
of  tbe  principles  ot  the  method  and  a  good  Idea  of  the  general  shape 

enoDgli  elevations  can  unually  be  taken  In  the  field  to  guide  one 
who  has  ann  and  sttidli'd  the  ground  In  drawing  the  BOntonrs.  No 
'  as  not  seen  and  stodled  the  ground  should  be  ~    ' 

to  draw  contours  from  snrb  data.     Hrroneous 
.     e  than  nor 
c  equal   contour  intervals  tbe  ma^  c 


UEComrAissAircE.  vt^ 

Ground  contours  tan  not  tro  lut  map  ont  urs  nay  Lru-ia  In  the 
>ery  ODUBoal  case  of  a  uave  r  a  bluff  overbnuglDg  bv  an  amount 
■rbCih  can  lie  shown  on  the  horizontal  stalt  TbU  Is  so  rate  that  It 
a  aaiiHl  lo  BBjr  that  map  contours    ao  not  croEB 

Every  contour  must  tloee  upon  Itxelf  In  a  loop  or  else  mnBt  eitPod 
inbnken  from  one  point  n  the  margin  on  the  map  to  oodip  olher 
lolnt  on  the  margin  An  exception  19  made  in  the  case  of  large 
itrmme  tb  contour  n  each  bank  being  carried  upxtream  antll  it 
'Utfl  the  WBlfr  aurtace  wh^n  It  r  dropped  The  two  eada  must  ha 
iireetly  oppo  Ite  (fig   2fi)       In  a  Mmall  stream  or  drj  htd    the  contour 


Jilgher  between  two  iower  When  tno  ■.djueent  conti 
■Bme  eievKtlon  the  ground  belneen  them  will  be  ■ 
they  are  valley    or  aHllJilirher  It  ridge  r-* 

r  later _.. 

The  elevation  of  ea  b  coutonr  should  be  abown  In  litres  at  polnta 
close  enough  together  to  allow  the  eye  to  run  fnm  one  to  the  other 
with  ease  It  l»  lest  to  break  the  contours  and  write  the  nnmbern 
between  the  ends  II  written  aiongside  the  numbers  shonld  always 
b«  OD  the  higher  Bide  of  the  fontoar  (aee    31  aod  32) 

70  Straight  e  o  ira  are  very  rare  They  may  be  determined  by 
locating;  any  two  points,  or  by  locating  one  point  and  observing  the 
azimuth  of  the  line. 

Simple  curved  contours  are  more  frequent  than  atralgbt  ones,  but  are 
not  often  found  of  any  considerable  leogtti.  Tbey  may  be  determined 
by  fixing  3  points ;  or  by  2  points  with  the  radius  estimated ;  or  by  1 


portlo 

entrant  oarca.  or  ino»e  eonvei  10 ,   „ 

Hence,  half  of  tbe  points 

and  rivuiets,  and  by  ravines,  or  other  deprra- 


determine  a  wavy  contour  will  lie  on  drainage  lines,  as  Indicated  by 
...    -.„„\g_  —^  -,_.._..    ...^  . .... .,.-_  . 

^_    __   a  drainage  line  grows  less   In  the  direction  of  flow. 

Tributaries,  or  briiDChi^,  are  usually  ateeper  than  the  main  stream  at 

will  be  at  nearly  the  same  ele- 
increasing  the  amount  of  topo- 

e  Hoes  of  an 
:  been  studied 
ind  B.     How 

,  —  e  the  10B.foot  nnd  by  a  distance 

length  AB.  because  the  slope  heLomes  steeper 


and  the  contour  dintauce  less  In  golcg  unstreai 
. .  ,n  ....  ._. ..  _.,.  g„,^  (gg  trlbuf- 


Ing  distances,  aa  Indicated,  and  fnr  the  a. 
found  to  be  about  130  feet.  Tate  the  other 
and  draw  tbe  contour  at  that  level,  remei 
where  It  crosses  the  streams,  and  that  tbe  j 
■      ■  ■      '         .tt  the  cootoui 

,  _._....„  ._     .   w  of  slopes,  a 

following  the  same  rale  as  for  tbe  Bret. 


Ltary  at  gradually  dec 
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72.  It  enoQSta  clpntleDs  nfir  ttkra  oo   ■IPMtn  lloei 
-   -Mat  tbe  coDlDurs  ii^ould  be  fairt}-  well  dmrtnluKl.  t< 


polBts  would  tXiU  b^  in  pan  uDwrtaJn.  _^t  la  kucnrn  l)Mt  tttry  irk 

., „ _  .,.  _ MIDs,  (till  aDl' 

r  tbe  juDctlDDE  at  strrams.  anil  <t«>|>«al  lU  tb*  lalodl^.  vltk 


cosTex  Bsd  MJIeBt.  bat  out  bow  mud).     Tbl*  InrornuiUun  I*  mmiIIcA 
t _  .^._    .>^.  -^-gff_  crrsw,  or  dlilda  whWh  It*  tl«- 

^_ -he  ITplCHl  prani«  of  »  tmt  !■  |i  pi>. 

•,  Oat  uul  fonvFi  bctvwn  iu<'  aourr**  ot  •tnwms,  lUI 


by  eleTREIoiu  wken  ■Jode  tl  .        „  _ 

tnen  Bdlactot  dninm^v  tin<».     Tbe  irplCHl  prani«  of  a 


tlie  fodfcaiD  at  tb?  steepest  point.  Th«  iatia  of  enat*  1*  not  to  n^wi 
tar  as  that  «(  TaiJe;a.  nud  less  ui«  can  l>e  made  o(  It.  It  fbiiHld  M< 
kept  Id  mind  as  s  basla  or  coiapaTisan,  bo  tJul  actual  (orma  mn  b* 
more  readily  rtMnembered. 

1.1.  Tke  fl«ld  nark  of  eonlonrlBK  an  ana  wlilrli  baa  ■  auffl* 
dent  relict  to  eiblbit  dralnaee  tlaea  doarl;  amj  brslo  hy  ttuvrratuf' 
thes«  llnps  vitb  giadlenta  taken  by  cllnomfter  or  alnpa  board.  It  li 
moat  convenleat  to  begin  where  Bollected  drainage  Imfva  tb*  area  lOi 
be  mappi^  and  tollow  each  vailf'T  to  Ita  sauriM. 

If  tbe  Tulley  ia  open  aad  tbe  danka  ot  Uie  ridaoa  on  Mieb  alda  rnii  tw. 
s  ma;  be  aayed  b;  laklug  level  aUfbta  (row  Mai*  Ot  tbe  con- 
...   ._   ..  _   ^ ,._.  ..   ...._._  __  ..^  rlil»B  at  (ar  a*.. 


1  the  drBina.se  line  to  points  on  I 
.......   ....  ^],f„  111,,  iiur  -•  — 


a  poaaible.  uanally  where  Ihe  Hub  ot  alEht  la  Unsvut  ... 

■*>i  M  by  a  polul  All 


Ity  doae  It  m»y  not  b«  nodiaaarj  to  n 

.. J.    ..    .... .    -L.p„    „(    t; 


made  of  tbe  appanint  aliiipi 
ridge  or  Its  projRctlon  agiiluat  higher 


ulours  near  tbe  drainage  line,  wbethnr  ahajp  ur  blaut,  tir  whftlMr 
e  valley  la  narrow  or  wide.  The  B^nejnl  ahupu  o(  Uw  aliir  lino  ut  Ola 
Ige  or  Its  projRctloD  agiiluat  higher  kiuuuiI  abould  ba  noteil  wluinavvr 


tvaveriw  Ihr  tligf 


and  ridge  Hoes  are  pIol ,, , ,  .. 

-" — ' ^    — -y  be  Interpolated  and  the  eontolirh  dmivn. 

""' '   — tours  U  obvloua  (roiri  the  1 

ia  map.  ana  inia  relatlun  nuiy  bn  uUllud  « 
contour  naa  Deen  nell  determined,  to  draw  tbe  one  on  iillbvr 
trom  a  yery  few  polotB.  often  but  one.  If  tbe  Couli>ijr»  ars  v 
wUI  generally  be  a,  little  farlber  apart  at  tbe  coiisuw  an 
polnta  Iban  at  the  reversion  polnta  t>etweeD  them.  If  tbt  in 
not  wavy  they  are  generally  parallel. 

74.  If  the  relief  of  the  ground  Is  so  allabt  that  the  dralsaa* 
HDd  rld^e  lines  are  uncertain  tbe  ft'Od  work  of  colitoUI'lnf  IB  belt 
done  by  taking  elevatlona  iiC  polnlB  athllrurlly  BiiIviitKd.  tluvji  p"lnta 
will  uBuelly  be  In  straight  llhfs  tuddIpk  In  tlw  ai-neral  dlrevtloB 
of  the  Bteepeet  slope.      The  points  are  plotted  On  the  nap,   tba  dot- 


reapondlng    ... 

interpolated  as  Indicated  In  Bi;ure  34, 


■rved  "polblB  iB^ii   Btraftht    line.      Tbe   C 

"■-  '-—  — ir  la  Involvt'il  In  thla  BBanrnpii..-. 

.,..--- IKT 

along   roads  and  paths  and   contours  skftnhHI   la   on  aaob. 


e  poiDtB  are_tojrethcr  the  lefw  error  la  Tnvftlvfrt  in  thla  BBBiimpMon. 


ively   flai   and  oabroiun.   piolll 

—  --X    tF 

groniid  and  observins  11*  sbnpe.  the 


itDdy  of   Ibe  iDterrenlng  space   [ 

75.  aio^e  rmutr»t*mtm. — Artnai  dlataneea  bctwara  contonri  op  • 
Bap  devesd  on  tbe  contonr  iaierval.  the  sialc  irf  Itw  la»o,  aiHl   tba 
ladlent.      For    any    ittm    nap   the  ennlour    IM*t*K\    <A&   WutN>    'U* 
onaiant.   and    tb*   dl«tnnr««   Intwecn   eoii\ant«   &*v*«A   "»  ^^  **;;2:t 
Jmmc     tm  aor  maa  wllh  ciaUaan  nt  Mias\  \Bt*M«<i:^  vv^v  W^nj^^^ 


ETTGINEER  FIELD  UAHTJAL. 

at.     A  line  aubdltldeii  to  allow  the  ef|iii>»leDf3  of  vartOQS  gcadlentB 

noj  map  Is  talliil  a  ncnlo  ot  hIoiic  cqiilvalentu  for  tha' 

simply  the  Bcnlr  of  alopEn,  and  li;  nppljing  eui/b  a  scale 

itance  between  two  gucceaglve  eontoure  the  slope  at  the  grm 

eea  tbem  mu;  be  read  otT. 

For  altTerent  mops  slope  eilulTSlenla  lary  with  the  ratio  b 

1  coQloor  IntecvHl  Bad  the  Male.     A  acalc  of  slope  equlvalen__ , 

id  tor  ^1  given  ratio  and  will  be  trne  for  all  tcapa  harti^ 


rPRDondlnff  to   the  contour  Interval.      If  the  seale   of   the  map  f 
ifeet  to  tie  Ir-'-  — ■  "- -' '  --  --  -"-  *-      • 

;   of   nob   teet'to'tbe  Incb"."   If  ~  the  "scale 'TB"'TroOO.    e.OOffu 


600__feet  to^tte^lncb^anii^the_^coDlourJnteryal  l_root  tberatlo  Is   ^j> 


r  D.002,  whifti  is  the  fractlott  of  an  Inch  correBpondlnB  t< 
uH  a  seale  of  nOO  teet  to  the  Ineb.  If  the  scale  IB  1,001. 
10.000.    or   SO.OOO   feet   to   the   Inch   and    the   eorreapocdlns   t 

Interyal  [a  2,  lO,  2" ' -'- ■-      ■      - 

con  ton  r  Interval   c 

and  a  scalp  of  aloi      . ,__  _  , ^  .. . 

Figure  3B  contains  aeales  of  slope  equlvalentB  for  ratios  of    i 
,VW.  which  will  cover  the  nsnal  rantip. 

To  get  any  desired  seale  of  slope  eqnlTalents  from  the  flgdra,  dlTtdo* 
the  number  of  feet  In  the  contour  interval  by  tbc  number  of  feet  per^ 
inch  of  the  scale,  or  divide  the  nninber  of  inches  In  the  c'ontour  !n>l 
tsrval  hy  the  denominator  of  the  E.  P.  The  result  la  the  ntHft.) 
t?1ace  the  straight  edge  of  a  piece  of  paper  horizontally  on  the  dim- 
gram  and  passine  through  the  corresponding  point  -  "--  —  — - 
— -■ theleft  of  the  figure  and  — ■-■-    "  '^ '- 

fy^ne 

Any  fraction  of  the  equivalent  for  any  slope  correaponfls  to  tia' 
aama  traction  of  the  contour  Interval.  If  an  end  of  the  line  Is  ~' 
B  contour  the  slope  equlvalput  may  be  stepped  oD  along  the  Hoe  >_., 
each  point  so  determined  will  he  a  contour  point.  If  the  end  of  that 
Hoe  la  between  contours,  measure  olT  on  tbe  line  the  part  of  th^ 
slope  equivalent  corresponding  to  the  rise  or  tall  to  the  neit  contoDi" 
polDt.  E^om  this  step  otT  the  slope  equivalent  as  before.  If  m* 
fractional  distance  remalna  at  the  end  of  tbe  line  9nd  what  pam 
of  tlie  slope  equivalent  It  Is  and  add  to  or  subtract  from  tbe  laif 
contour  elevatfon  the  corresponding  part  of  the  contour  IntervBll 
for  the  elevatloo  of  tbe  end  of  the  line.  To  Illustrate:  If  In  flBorai 
^6  elevation  at  a  of  the  line  at)  is  lO'l,  gradient  +3°,  tlie  contour 
Interval  10  feet  and  tbe  slope  equivalent  cd,  then  the  rise  to  tti»> 
neit  contour  Is  110-103—7  feet,  or  ft  of  the  contour  Interrrt.^ 
Seven-tenths  of  od— BC.  and  bence  e  Is  the  poalflon  of  the  110-footi 
contour  point.     Lay  off  ef,  tg,  and  glt~'cd  and   locate  tbe  120  teet,i' 

ISO-foot,  and  140-foot  contour  points.     The  nTaalninB  diatr "    - 

\  of  O'J,  hence  tbe  rise  beyond  ft— 2i   feet  and  the  elevatlu 

contour  point.      Lay  off  ef,  pj,  and  gh—c4  and   locate  the  120-foot,l 
142.0.  < 

76.  tn  the  absence  of  contours  relief  may  be  Indicated  b7 
huFhnrpH,  which  are  short  parellel  or  slightly  divergent  Hnea  ruirt 
ning  In  the  direction  of  the  stcepeat  atope.  flachures  should  be  uscdt 
only  to  Indicate  areas  which  present  nlopes  nteep  enough  to  olTen 
.-  1 „i.,.4._„i...     .m,_  .,„.   „*  l,.„i, — =   [a  lunstrated  !■*' 

ilitaanre  with  a  movlDV  colnnan  Kill  requIrM 
numl>er  of  Hkeicbers  und  must  be  ao  m^^ 
shall   do  Ma   full   share  I        "  .    ::         ..'. 

.  _nd   reports  shrill  he  turned   In  about  tlutli 

and  that  the  assigned  ground  shall   be  tlioroughly  cov-i 
:  unnecessary  flnplicotion.  ■ 

etcher  on  foot  can  fade  abont  10  miles  of  road  In  a  dar,'' 

1  keep  up  with  a  alowly  advancing  colDmo.     A  good  sketcber' 


f;„(«l^ 


^^■" 

'       m                  noiMiB  ru£D  icaitttax.                         I 

«MB<Bd  ran  r<T*«r  11}  mll'x  n   rlnj'  ■tcadlly.  or  Id  an  emeTK^u?  20      I 

iv  ».  •ri'l  ^'(111  k-.'|j  1 

"V.^^^'^r,;:" 

lip"  "liuriin  nhould  Include  tiesldes  the  toad 

tn'.  '  i    '1 

1  :ilj    .nil.,    traversed    by    the   colamn   on  thf 

■  iM-  2^  u,  .-1  nilleH  of  sketching. 

''.  '■<■  1 wlien  n  torie  1»  ciot  In  motion. 

t^  nrriL    (..    ■■    ^.. 

■'■1   !!■■    l".  HO  Inrge  and  the  time  allowed 

^  ii!!'u-h!'tJ 

tW    OUllltl.'il    '■'"     II         ■ 

1   UH   muoy  parts  as   there  are 

rtftrhprs,  the  riin      i 

itircmnt  ol  mirk  niiii 

mill-   rcnuirnil,   I'tm  Important  point  beine  that 

■It  tho  part-  shiill  1,1. 

Uul»li..d  111  Ih..  snnie  hour. 

lOHCh  ot  thcHD  ptrt 

■  !■  Bwltned  lo  n  Bketchec,  with  (nil  instme- 

tInijB  »3  to  (bp  BmouDI  and  cIim  ot  work  to  be  done,  tbe  bcbIc  to  be     1 

u-«l— which  uliouia  b 

•  th*  MRID  for  all— and  tbe  place  and  hoar  at 
t  K  tiirn-d  in.     It  practicable,  each  sketcher 
IDE  or  r<ii)y  at  enough  ol  (be  map  to  show  the 

whli-h  tbe  >ik«t«h  noi 

■hnuld  be  Klv«n  a  tr« 

r.i.ui.darf™  of  U*  <iw 

inik  an.l  lb-  adjacent  (eatures  of  those  neit 

to  bis. 

ir  )her»  i»  ■«  MHit.  (Ii-  uri-ii  mny  be  Indteated  by  limdmarkB.  bat      1 

II   will   be  DEtMllT   n. 

(rrnund  aa«  iwint  on 
Hf  definltv  tbrrr   »•' 

hl»   (BBk  lo  pacb  akptcber.     When  boundaries 

-.1   t>n   icry    little  OTerlapplng.     The  amount   of 

Tbc     r™ 

"""'^IH^Tw    °ti   "^  ded"^   bT'i^iJ'S^Taklent 

bw 

res     t«  IB                    wril-deflned 
La  Mne    iiese    compa      co  rses  paaalns 

■neb  we 

m      id>         be  anlsned              main  road  or 

am 

ma      la       Otitors  wi     br    a*lnied  to 

Mt-b  Iiara 

r»wt        iwa                  nuj  be     eroBsarr         map. 

dc  pa  «w  tboul     leave  th     na       roi        y  an 

III          -Ti 

«t 

«^          oo      latxp 

O. 

UhI    f-lv?^ 

nn     oei  M<  «x- 

"rt  made  bT  *«- 

»te»I«|iBrt 

lACM  of 

B»          hn 

or                                                                onUoea 

"ST     "• 

eixtli  or 
on                                                            of  nrv*- 

jraW  tb 

bp                                                   nake  ■ 

S    ttotmirt.  cm 

rmi1«                                                            DTwn- 

It  urn       m 

«  b.".  ""bCSS 

urn                   u 

hh            ne                 ea     TFet^bana.  inliw  Ite 

K     mk 

m       Pi 

m                  d]  «m»« 

^H  «] 

■n, 

Tb       m    «tnp              ai           tb    amn  tats 
an          oqoa    Bitn.            m             tFB^De  At 
on     «1 1      Mia  U-  be           mrinafl   Iv  fi» 

n.                   ns       Hn  t*ere 

■t^-" 

BonnoK          bfi             he    racers  are  ol  ^ 
Bpwd      It  OB           th  m           woj.     tw    «  tbrea 

^^ 

,..,... ....GOTH* 

Unprepared  paper  may  lie  purchased  In  50-yi 

hp  paper  a  aheef  of  the  lieHired  ulie  Is  cat  (rt , 

1   Oat  surface ;   tbe  mixed  aolutlou  is  applied  with  a  apongc  ro^ 


U  eugid'ser  field  tsahval. 

lini*'*'  ■"■  '"''1^  Ea  the  BvemBc,  tw>  or  mori'  BpctLona  Khoald  L_  —  .. 
aerv't  tnr  him.  thp  Idea  lielng  that  the  work  will  bo  done  in  tln<  I 
eburtfi-t  time  It  no  Brrangea  that  all  flalah  at  once. 

With  fuirly  eipert  akfltchprB.  It  will   be  paHslble  to  have  each  i 
lilM    w»rli  before  larnlnK  It  In.      A  UBPtul  expedient  In   case  of  gn_. 
tiaHtn  IH  tD  make  the  aketchea  themselves  transparent  by  oUiDg  nnd 
faati'^i'  Ibem  together  tor  une  Inatead  of  a  trarinc. 

MS.  The    traSng    made,    further    processes    depend    upon 
avu""'''''  '^"^  whether  the  work  can  bo  done  In  doytlghc  o 

tti   pracessea  requjrlnu  Hunllght,   the  moat   rell'alilc,   Bimpleat,   aaiS 
uuliXeat   la  tll«   blav-pFlul   praceia.  ^^ 

Tlie  prepared  pope?'  may  be  purchased  In  rolls  of  10  or  60  yard 
It    ahonld  be  put  up  In  tin  foil  and  each  6  or  S  rolla  should  b-  '- 
Mi-aled  tin  eaae;  It  will  then  keep  In  good  condition  tor  a  lone 
If    peceaaary  to  senHltlze  thu  paper  In  the  field  the  foUowliiE 
tioH^  must  be  prepared : 

Block  solution  A  {^"'5*^  "'  '"'°  "'"' '"°'"°' 
Stock  BolutioQ  B  1"?^  prussfato  of'potaah-. 
of  A  witb  n  parts  of  E 

•- ■-  50-:, -. 

t  from  the  roll  and  p 

,    .__ applied  with  a  spf" 

■„-   -, .       -Urfflce  In  a  smooth,  even  coat,  care  being  taken „ 

wet  through  to  tbe  back  of  the  paper.  The  sheet  Is  hung  Up  In  a 
^rk  room  until  dry,  when  It  la  ready  for  use.  Only  enough  paper 
tor  »  day's  use  la  sensitised  at  one  time,  for  It  does  not  keep  nell. 

Xlie  exposure  takes  from  four  to  eight  minutes  In  bright  suDllsht, 
varying  with  tbe  Inteuslty  of  the  light  and  the  transparency  ol  tl«) 
irsclDS-  Cnder  other  conditions  than  sunlight  a  muRh  longer  ex- 
posure is  required ;  sometimes  an  hour  or  more.  Care  most  be  tak^ 
that  the  paper  is  not  taken  from  the  frame  before  It  has  been  aalll- 
c'lently  exposed.  When  the  tnargia  protruding  from  under  the  trac- 
ing has  a  greenish- branic  color,  open  one  part  of  the  hack  of  tbe 
frame  and  obeervc  the  print.  The  lines  should  stand  out  sharp  and 
distinct  on  a  gray  background.  Take  the  print  from  the  frame  and 
place  It  in  a  tray  containing  water  aufflelent  to  fully  cover  the  ptiiit. 
KlDse  It  until  the  lines  atsnd  out  tn  clear  white,  then  hang  up  to 
dry.  It  is  lo  be  rememhered  that  the  fresher  the  paper  Is  the  slower 
It  will  prlQt  and  the  quicker  It  will  wash  out :  the  older  tbe  paper  la 
Ihc  quicker  it  wUl  print  but  the  slower  it  will  wash. 

Additions  and  alterations  may  be  made  to  blue  prints  with  a  10 
per  cent  solutlan  of  oxalate  of  potaah  nacd  aa  an  Ink.  If  It  shows  ft 
tendency  to  run,  add  a  Tery  little  mocllage.  Common  soda  may  be 
used,  hut  the  lines  have  a  yellowish  cast  Instead  of  the  pure  white 
which  the  potash  gives.  Additions  and  altcratlans  of  a  drawing  are 
conyenlently  made  by  Inking  the  lines  of  a  blue  print  with  water- 
pcool  liquid  India  ink  and  remoTlng  all  the  blue  color  by  the  potash 
or  sods  solutions.  The  black  lines  then  remain  on  a  wblte  grouiuL 
They  take  well  in  photographing,  and  by  treating  the  paper  with 
oil.  It  becomes  tranKparent  enough  for  contact  printing,  Iwlng  used  in 
place  of  B  tracing  and  In  the  same  way. 

Brnn-B  prints. — Next  In  point  of  simplicity  far  daylight  Dse  la 
the  hrown-DPliit  procraa.  It  Is  In  many  respects  the  most  satls- 
faciory   of   the   copying   procesBBS.      The  paper   Is   pspcli>B«d   pr*- 

ir  exposure  for  about  two  minutes  In  bright  sunlight  the  ma^in 
Stng    from    under    the    trBclne    turns    from    Its    original    light 
—  -   -eddlah-bmwB  color.     The  print  Is  then  taken   from  oi^  1 
luii.-aed    In    water,    and    thoroughly    rinsed    on    both    sl'~ 
lloea  come  out  In  perfect  white  on  a  aepU-brown  grgi 


BECOBBAISSANGE. 

It  Is  tbea  linnieraed  In  a.  tlxiag  biich  made  froui   tbe  ult  whlcb 

compBnlea  each  roll  of  the  paper  {'I  ouncta  of  Bilng  salt  to  1  ge 

of  WKtfr)  :  this  makea  the  priat  permatieDt  anil  also  ilBrkeDB  the 
Bepia-browD  color,  the  Utifs  cemaiDtng  white.  After  axing  the  print 
miiBt  be  thoroughlj  waahed  (or  20  to  30  mlnutea  and  then  bung  up 

Tbe'brown  eoioi-  being  impervloua  to  light  makes  this  paper  very 
yaluable  (or  negallvea  which  may  be  uaed  to  produce  poaltive  copies, 
either  with  tbe  blur  or  brown  print  papers,  yielding  an  eiact  repro- 
duction of  the  original  In  either  bine  ar  brown  lines  on  a  white 
background.  In  making  the  positive  printa  from  the  brown-paper 
□esatives  the  time  of  exposure  la  somewhat  longer,  since  the  brown- 

B-oceaa  paper  la  not  as  transparent  bh  tracing  cloth  or  tracing  paper. 
Ten  very  fine  linea  of  the  original  are  reproduced  with  surprising 
dlatinctnesa,  due  to  tbe  fact  that  In  both  manipulationB  the  orgllnal 
Is  In  direct  cnntact  with  the  senaitive  aide  of  tbe  paper,  ao  that  no 
light  can  enter  sideways  under  the  lines. 

By  maMng  several  negallvea  and  printing  from  them  simultaneouely 
the  rate  of  reproduction  may  be  lariteiy  Increased. 

83.  Pop  ppinllnK  by  nFilllclnl  ItKfat  bromide  papers  are  used. 
A  contact  print  from  tbe  tracing  has  clear  white  lines  on  a  very 
dark-brown  ground.  The  contrast  is  clear  and  agreeable.  Altera- 
tlona  may  be  made  with  a  sbarp  red  pencil,  which  mahes  a  legible 
line,  or  by  scratching  through  the  emulalon.  which  makes  a  white 
line.  A  print  can  be  obtained  quickly  from  the  light  of  three  caudles 
at  12  inches  dlHtance. 

To  d-Fvrlop  bromide  prints  make  a  atMk  solutlan  of  hydro- 
cblnon,  150  gr. ;  aodlum  sulphite,  360  gr. :  water,  12  oz. 

For  use,  to  1  oz.  of  stock  solution  add  1  dr.  rodinal  and  8  oz, 
water:  or,  make  stock  solution  of  melul,  IGO  gr. :  sodium  sulphite 
crratais,  Si  oi. :  sodium  carbonate  crystals,  3^  oz. ;  bromide  potash, 
S  gr. ;  water,  20  ox.     For  use,  add  1  oz.  stock  solution  to  4  ox.  water. 

Acetic  acid  Is  used  to  clear  bromide  prints  after  dCTPlopment  and' 
to  atop  the  action  of  the  developer.  111  oz.  wafer  to  1  dr.  acetic  add. 

For  nilna;  bromide  printa  use  hyposulphite  ol  soda,  1  oz. ; 
water,  6  m.  A  little  alum  added  to  the  Uilng  bath  in  hot  weather 
hardens  tbe  film. 

A  bromide  print  may  lie  made  transparent  by  oil  and  used  for 
<Hinrigi.t  printing  by  artiflclal  light.  It  will  be  better,  though  not 
'"  " e  a  paper  (or  negatives  thinner  than  that  usually 

crcie'^of  operatlonn  (or  quick  reproduction  by  the  bromide 
process  Is  as  follows : 

From  a  tracing  or  transparent  drawing  make,  bdi,  3  to  S  negatlvps. 
Make  them  Iranaparent  and  start  printing  from  all  of  them.  If  the 
HketcherB  are  in  by  ri.30  n.  m.,  the  negatives  can  he  ready  for  printing 
^y  7  p.  m.,  and  after  that  prints  can  be  turned  out  at  the  rate  oi 


snpplied  for  printi 


Id  per  hour  from  each  negative.      It  should  not  be  difficult  t< 
""    ■    "  .—J.J  I —  .i|e  „pj,  ^a_  done  by  H  p.  m. 

mea, — With   tbe  bee«uvrB,ph  the  drawl 


S  per  hour  (ro 
11  that  are  neec 
84.  Traniitpi    _ 
ia  made  In  a  special  Ink  and  preEieed 


1  the  paper  Is  pulled  otT  the 


selBtIn  compound  In  a  metal  pan.     When  the  paper  Is  pull 
Srawlng  appears  reversed  on  the  gelatin  snrlace.     A  plect   „.   

S.per  pressed  on  the  surface  and  fuen  withdrawn  ahowB  the  drmving 
cect  In  purplish  lines.  Fifty  to  100  impressions  may  be  lakcu. 
Hach  print  is  covered  with  a  thin  film  of  the  compound  and  Is  alicky. 
curly,  and  vray  stubborn.  The  process  is  at  beat  only  a  makesbltt, 
but  It  IB  the  easiest  of  all  to  ImproviBe  and  the  simplest  to  operate. 
For  quibk  work  several  pans  should  be  provided,  as  each  most  be 
washed  after  use  and  ahoulil  not  be  used  again  until  well  dried. 
The  hectograph  compound  la  made  of —  ParU. 

Glycerin IZ~^~IZZIZZZZII1IIZZIII"'""  400 

Water VM 
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^^    .'  cnlap 


EITQINEZB  VIE'LV  KAlnTAL. 


nth  adTantaae.  The  !Qj;rcil]i>nt! 
F.,  which  IR  b^st  Dbtal)icd  In  a 
1  pfn^'watpr. 


itwttter    bath    2 


""A 


■WrillQi:  or 
face  o(  the  c< 

and  rulibed  t< 


n'licmnif  la  molaieDtd  IlKhtlV  with  a  brush  ur  ao' 
*■  ■-      n^i 


!t  and  pulling  faritlli>l  ti 


With  the  Macic  nnl 

Ink  and  traneferr^a   to 
This  proiesa  ia  free  (n 


n-hment  sheet  held  In  a  special  fraiii%« 


—Free  hand  sket  hlag  can  not  ts«i 
Is  a  (aluahle  adjunct  aoi)  should  Ip* 
s  anj  aptitude  Tor  pittorlal  f —  '~" 

;raph  inl>   In  that  It  shows  I , 

1   targsr   sod  cbncactBrlstlG    featun 
le  thp  ptiotOfcraph  ahowB  ."    "-■-■■ 


Tbe  oatflf  for  field  sketching  should  he  aa  almpU   an  poasi 
-^-'- -'-'   -   - -r  tight  c 


vork  t 


1  he  n 


H  for 


LP""i 


r  than 


^-.  -  ,^^--.je  hlnuse  and  relstlvoly  long    ,  „  ^,       

The  point  of  I  lew  should  as  a  n  I    bP  hlRf  enouftli  lo  Rise       

prehensive  grasp  ut  all  that  Is  ImportBot— a  ratli,  a  knoll,  a  blll>  j^^h 
peak — depending  upon  tbe  coudlllDns  Face  tonnrd  the  middle  of  Qtta 
Held  of  \[ev  trbkb  la  determined  upon  Hold  the  iHurd  or  sketchhooE^I 
vertically  before  the  eye  and  move  It  backward  or  forward  until  tb« 
sleet  just  fills  the  field  Lower  tlie  boiird  until  the  skvllne  of  llM 
hills  can  be  seen  above  Its  top  edge  and  with  a  pentll  mark  on  (9iatt 
edge  the  points  corrPspondlng  to  the  prln  ipal  sallentB  nud.  reentruita 
of  the  hilt  forme  If  desirable  the  brard  isn  lie  moTod  sldewarx  f an. 
enough  to  enaUa  the  prlnclpa]  helgtits  and  depresslous  to  he-.  mai£ 
nn  the  vertical  edge  By  intersecting  ruferences  tbe  locatlmu  « 
(her  be  easily  eotobllflhed  nn  the  sheet  From  these  points  the  fi 
can  be  sketched  In  witb  much  greater  accuracy 

Proceed  next  to  draw  tbe  hlilK  In  outline   but  taintlj.  with  a 

Hon  to   the   larger  curves  or   humps   at  first       fk)   over  theia  a„ 

vilth  more  care  bringing  out  tbe  email  Irregularities  If  any  panF--'' 
o£  the  horizon  Is  visible  draw  In  lightly  and  then  completo  tbe  cBk-' 
eral  mass  of  bllla  by  drawlpg  th«  water  it  base  llnps.  Seek  now  toe 
the  surface  chnracter  or  the  bllla  by  tracing  the  ravine  llni*.  Thai 
id  foothilla  are  bron^ht  out  tn  tr  icing  the  tree  meauden' 
n  lurm  All  changes  in  form  or  breaka  In  the  ground  Brodoce 
breaks  In  the  foliage  of  the  tree  masaes    whlell  show, 

.   e  na  Irregular  lines       If  the  more   Importsot  Ml  theor^ 

onght  and  drawn   tbe  Eeneral  character  of  the  blUwIU'rr— " 


Add  BOW  the  fonsrcuDd  ixHt.  aal  iCo  Gkricua  at  Uw  skrich  b  <■ 

id  ud  rmOrtfki  meBiidfra  shwld  Ml*v  as  ■  rul*.  ^and  lh« 
E.  lontB 


. „ -mnulr  n _ 

Ttie  ladloit)>)o  <t(  toT««t9  and  irrca  la  ttw  uiual 


E.  lontfiratioat.  tmtliH,  Mc..  will  tM(dr 
:t  or  lesi  IB  apiiu  scconjinj  lo  illsianos  and  iiiipsrlan>v,  Bwi 
a  of  mnctiH  even  at  a  Ereairr  diKaon  shaald  w    '     ~   ' 


difficult   fwtnre  fcr  stDdFBls.     The  indlirallall*  |i 
paojlog  sketches  will  s1k><(  tbe  trpatmeot  Id  ovlana  imrc. 

Ftenree  38  end  40  «how  a  variety  of  tomt  auffleletlt  fM  BMBt 
localities 

80-  Brdrocraphr- — Deptb  ot  water  and  chaiaeler  ii(  ImlliMs  ati> 
det^tmlDM  by  Gouadins  wlib  a  Dole  or  wtlli  a  lead  and  llae.  Tk* 
■obimIIbk  pole  Bia}'  be  improTWd.  or  ol  pemiuicnt  loua.  A  con- 
venleut  one  le  10  (eet  lone.  Uftaminal  In  sectiaa,  taiiprlns  allHhU]' 
from  midcHe  to  ends,  divided  Into  feet  wlileti  am  pAlntcH  BltDmatalji 
while,  and  blsrk  or  tpd.    There  shniitd  be  an  iron  aliue  a"  "■-  ' 


tieav?  enaugli  to  make  the  rod  Btand  eri>rt  irben  free  In  d»»B  waU' 

..  _  ._ _  nny  eompnet  wslifht  inni  b 

Tbe  ■onudiiiK  line   Bbonld  be  ot  bralOud   tipnip  er  eoilnl 


a  Boimdiiig  Wni  is  not  famlslied.  nn^^con^>nct_^w8l|(hl 
Indi 


degTM  of  ppeelalon 
d  leaUier  togs  may  be  dlatlDp^lahed  hy  cuttlOE  nnt«bea  or  punflllllit 


1   them.      The^Hne_  ahouJd_^  be   thoroughly  wot,   a 

--  — -  = ..--  _--ium  of  (he  lead  ot  welaht. 

A    lead   and    llnu   are    bi'st    connected    by    a    rawhide    Ibnoif    pnimllig 


to  dry.      It  should  then  be  wet  amiln  and  lagit''' 
o  of  the  graduation  la  at  the  bottom  of  (h«  leB< 


through  an  eye  In  tlie  lead  and  an  eye  made  Id  the  eoil  of  the  lliip 

Sofindlti^B  are  usually  referred  to  a  plane jiaralli'l  to  Ihn  wnliir  tiitr- 
face,  horizontal  except  ta  flowlnti  streains.  The  ptanii  iisuulty  anlnctid 
Is  the-watei  BUFteee  itself  If  stadonnry,  or  one  of  IIH  PimIIIddi  Jt 
variable,  so  tbat  Boundlnga  will  Indleale  approiliDutety  thn  aelUNi 
deptl»  of  water.  The  elevation  ot  Ihe  wnter  surraeu  In  tha  poiilll«n 
■elected  is  called  the  dHtum  leicl.  It  tbe  Burfnee  elevntlon  varlM, 
a  gauge  rod  most  be  set  near  the  water's  fidse,  snd  ri-ml  often  I'nnoBh 

ending  a.  particular  uroup  of  sonndlDus  Is  noted.  The  mean  eli'vallan 
of  tbe  water  surface  during  that  Interval  Ig  taken  from  thn  eiirva, 
and  tha  saundlnga  are  corrected  by  the  dlfferenee  hHlwnen  Ihe  aefiial 
Icrel  and  the  datum  level.     If  the  correction  tu  bu  a]Ji>lled  la  leas  than 


half  a  foot  tt  Is  UBuall:'  ncKlecli 

Tha  matetia!  of  the  bottom,  at  .... 
■Hy  be  *oia  from  Ihe  feeling  of  the 


ick.  gravel,  snnil,  or  niHl,  can  uau- 
...f  rod  OP  land  when  tt  Itrllies,     A 

„ . _   ._   .  'OUKht  up  by  ameUTlBg  the  end  of  tba 

lead  iHth  tallow. 

A  oorrect  sounding  Is  obtained  only  when  tbe  line  or  rnil  In  jilninb 
and  Htialght  and  its  leagth  correci,  or  Ita  erriir  known  and  ajipllfin. 
Except  tor  blnndi-rs  In  reading  the  line,  only  one  Itounw  of  #rr*r 
operatAB  to  make  the  soundings  too  small,  and  Ibat  la  ■  Itou  whiah 
baa  atfetuhed  alnce  It  was  tagged  or  la  too  long.      All  oilier  amiroii 


„  _„,  „  , .^ -invlng  lliroiigh   the  ti 

„.  lead  Is  thrown  out  or  tbe  pole  Inellacd  In  the  dlreetlin  of  m 

far  HMtngb  to  allow  It  to  n-acb  bottom  by  tlte  time  tlic  boot  la  dli 

(    OTer  Ibe  spot  where  it  atrlkea.      Hnuadlngil  taken  villi  a  lltw  fr 

moTiiy[,tioat  will  always  be  too  larite. 


^ 


C^IikIdIcW 


KECOKNAISSikNCi:. 


EKGIBEES  flEIrS  UANrAL. 


87.  lAcftttun  of  HOnnilliiSn.—Tili.'  Htaiplpst  mcthofl  Is  bj  two 
slmiiltal^uH  oilmuthB  from  fenown  points  on  shore.  II  thp  Bounii- 
loea  am  taiea  nn  H  line  pnaslni;  Ihmagli  one  oC  the  pDlnta.  all  azt- 
mnthB  ■from  that  point  will  be  mcntant.  anfl  one  mctiBurpment  will 
anfflce.  This  line  la  plainly  markpd  br  lanne  llajra  and  the  boat's  crew 
[QBtrucrMtD  ke^p  the  flags  !□  range.  Oalj  one  Ingtriiiqent  and  ob- 
aorver  are  required.  Tbla  is  the  UBual  mptJioa  for  Blreama  and  la  Uest 
for  all  ,*ork  *here  the  BOundlnRs  can  be  tatPrt.  In  atrnlght  lines.  Im- 
catlonB  Din;  be  made  fpum  <he  bant  by  two  obBcrvers  taking 
Blmult^iieous  coinpasa  beerlnga  to  two  known  points  od  ihare — atK 
rraectlon— or  bj  two  Hlmultanpoua  sostant  ancles.  The  latter  la  Ibhs 
convenient;  as  «  ipeclal  protracior  la  renulre^  for  rapid  plotting. 

88.  The  following  notation  or  Its  equfvalr-at  Bhould  be  made  on  a 
map  or  cbart  containing  soundings:  "Soundings  are  In  feet  (or 
meters)  and  are  referred  to  the  stage  of  Water  at  (location  of  gaage) 

at  i-'tf clock,  on  the  ■ ■  day  of  — - — .      The  elevation  o(  thla 

datum  level  Is feet  lor  meters)."     II  tlis  ivfpcence  plane  la  In- 
clined, add  J  "  and  Ita  Inellnatloa  1b  — lo  a  direction.'' 

The  first  blank  is  ailed  with  Ihe  rate  of  fall  exprcBScd  in. any  recc«- 
nised  way,  and  the  seeond  with  a  compass  beirlng, 

89.  Hap  resdinK  is  esBcntlBlly  the  reverse  of  map  maklu;.  In 
tbc  latter  nrDceaa  ground  I.?  meaauri>d  and  atudlpd  wltb  a  tiew  otfoTm- 
ing  a  menial  picture  of  bow  a  map  of  It  will  look.  In  the  tormer — 
mop  readlag — a  map  ia  mpasured  and  studied  for  the  puntose'  of  form- 
ing a  mental  picture  of  how  the  ground  ItBelf  looks.     AH  rota  and 

are  to  be  usL>d  In  studying  the  relations  of  map  to  ground. 

The  following  suggestions  will  aid  the  beginner: 

Note  (be  mvrldlnn  on  the  map  and  nnsorlatc  It  in  the  mind  with 
the  local  meridian.  This  may  be  done  by  turnind  the  map  so  that  the 
meridian  will  point  to  the  north,  using  the  compass  as  a  gnlde  1(  nee- 


ry.     If  there  Is  no  meridian  on  the   map  look  tor  Indlcattdna  of 
ctlon  In  local  names,   or  for  some  road,   streani,   ridge,   or  otber 


direct 

feature  the  general  direction  of  which  ._   __ 

Sate  tbe  acsle  of  the  map.  Estimate  certain  dlatanees,  aa  tbe 
total  width  or  total  length  or  distance  between  prominent  poiota  and 
teat  these  eEtlmates  by  scaling.  It  there  Is  no  scale  look  for  some  in- 
dlCBtlona  of  dlBtanee.      It  may  possibly  be  foi     '   '      ' 


width  or  total  length  or  distance  between  prominent 

'- "-ites  by  scaling.     If  there  IB  no  scale  look  fi 

tanee.  It  may  possibly  be  found  In  local 
'k.  Two  Mile  House,  etc. ;  toads  uniformly 
lae  iiiuicu  oLaies  land  surveys  1  citj  blocks,  which  are  uBi.ai<j  suuui 
100  yards  on  tbe  ahorter  aide :  railroad  stationa  or  sidinga,  the  tlt- 
tance  of  which  may  be  taken  from  time  tables.  If  the  nmp  has  par- 
allels of  latitude  a  good  scale  may  be  drawn  by  assnmlng  ffe  mllea  to 
each  degree,  or  1.15  miles  to  each  mlnnte.  If  the  ground  la  ecceaBlble 
take  tw*  convenient  points  shown  on  the  map  and  measure  the  41a- 
tance  between  them. 

It  tha  Tnap  Is  contoured,  note  lite  contonr  Intervnlii  and  the 
scale  of'hlopa  eqalvnlents.  It  the  contours  are  not  numbered  deotda 
which  are  the  high  acd  which  Ihe  low  ones.  Closed  contours  are  mntb. 
more  likely  to  be  eleyntlons  than  depressions,  especially  If  several  foe 
conccnCrtc  A  single  closed  conlour  may  be  uncertain.  Look  for  li|dl- 
catlona  of  marsh  or  water  inside  of  It.  It  the  contour  Interval  la  bot 
glvea  It  will  be  dlOicult  to  get  any  clue  to  It  unless  Isolated  elevattonl 
appear  on  ttla  map.  It  tbe  ground  la  accessible  the  contonr  InleAal 
may  ba- determined  by  actual  mpHSucement  of  a  gradient.  | 

Note  All  toiiugraphical  and  ciiltnral  signt  and  associate  them  la 
Ind  with  their  advantages  or  disadvantages  for  military  operatii^ 
BO,  A.  problem  fretiupntly  arising  In  map  teadlne  Is  that  of  de- 
rmlnillg  wlist  volnta  are   vlnlhle  leoea  a  Klvrn  point.     A. 

...       .  _   |.j|g  gradient  to  It,  It  rising,  is  greater,  ondj  If 

.  .1 J. — .  1.  _^y  inlermedlutc  ptJnt. 

....  ..  _., „ , _nvpnlently  represented  by  the 

of  distance  in  feet  divided  hy  the  dlBerenee  of  e' — ■"  — 
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feet.  The  pdfnt  will  lie  vlf^lhip  wh™  thla  ciuotlent  la  smsller,  It  rising, 
and  Iflijfer,  It  talliiig.  ihan  tlie  iniotient  for  the  Intermediate  point. 
Thin,  to  [teleriMne  whether  Che  bridge  acar  ne  ITea  eh  man's  (Qf,  41) 
Ih  vUilble  from  AtchiMin  Hill  or  1b  conrealeii by  InlermedlatB  grouod, 
aBsutDB  tie  blBhOBt  point  of  AtehUon  fiflll  to  h«  Id  the  center  of  the 
1.040  contour  am]  io  hSFe  nn  election,  of  l.ODO.  TBp  distance  from 
tblA  point  to  the  bridge  la  5,610  feet,  fall  250  feet,  quotient  SUA.  The 
line  of  Bight  from  this  point  to  thi>  bcklM  PCoaauB  ttie  neo-foot  contour 
on  the  naok  of  Sentinel  mil  at  3,060  feet  dJataoce,  fall  00  feet,  quo- 
tlenr  34;  henee  hildse  ia  Dot  visible  from  ^tchlson  Bill,  since  the 
gradient  Ib  falling  and  the  nearer  point  hna  the  larger  quaCImt. 

Working  from  thr  bridge  the  quotient  for  the  whole  dlscnnce  Is  22.4. 
as  before,  hut  the  BraiHent  l8  rlalog.  TUe  distance  from  the  bridge  to 
tbe  High  point  is  2,550  feet,  rlBlog :  difference  of  elevation  100  feet, 
guolleni  (6:  heuee,  ae  before,  the  top  of  AtcblBon  Hill  Ih  not  visible 
from  the  bridge,  Binee  the  gradient  1b  clsiuff  and  the  nearer  point  has 


M?l"enMa  rl 


— „ -a  rising  and  tlie  other  tailing,  i 

necessary.     A  point  of  r|-' j..-^  — ...  ...--  _  j-- 


ig  iradleDt  but  will  not  he  hidden 


■swlBB- — The  esBentlal  requirements  ot  a  good  topographi- 
cal drawing  are  acnuracv  and  cleamias  By  accuracj  is  meant  a 
faithful  exhibit  of  measurements  and  obBervatlong  made  In  the  field, 
or  of  data  (aken  from  other  maps  ClearnesB  Involves  absence  of  con- 
fusion or  ccDvvdlpg,  and  neatnpEm  In  I'liiMttlon  Beaair  and  plc- 
torlBl  pRpvl  are  obtainable  b\  tskllled  (traftsmea  onh  and  «M1? 
always  dealrahle  nre  rBrely  nece'-^ary  Piraons  vibo  ari>  not  Skilled 
draftEmen  should  not  attempt  plrtorfa!  effect,  as  It  will  detract  from 
accuracy  and  clearneBB  without  fnbatltuting  nojtblng  of  equal  valua. 

ATotd  luineoeaaarr  haute  in  plotting  and  drawlhg  If  pOBalbte, 
take  time  to  cbeeli  carefully  all  nclmulhs  and  dlatancpH  plotted  and 
be  snre  fbeif  are  esact  There  Bhould  be  no  app  roil  mil  flon  on  the 
drawing  board.  Althongh  an  observer  may  have  aimplf  gneaaed 
B  distance  to  he  550  yards  in  the  absenpe  of  other  Intocitiatl'in  the 
plotter  should  be  careful  to  lay  H  down  at  eiactlv  fiRO  jaMs 

Start  with  clean  paper  and  keep  it  is  clean  as  possible     Inther™" 

wipe  off  the  iBBtruraents  bi  fore  nulne.  . ■■■      

triangles.     Dust  the  drawing  carffully  b 


verj  hard  peocil  (4fl  or  BU)  Is  best  If  the  pi  ncll  drawing  Is  t 
be  traced  a  softer  and  hIacSec  Eendl  ahonld  be  naed,  hut  must  h 
kept  well  pointed 

iDdia  Ink  m  stlit  form  gives  the  best  results,  but  the  time  rt 
quired  for  proper  grinding  precludes  Its  extenaiye  use  in  mllltar 
field  work.     The  prepared  mmii  inks  in  llould  form  are  teadv  for  ua 

—  - '-•'- —       Thev    T~-~'    '■'    • — *    — "    — ' -■'    -■ ■—    — 

'■;  the  i_,-  _. _ 

a  fesh  filled  pen  add  a  little  wat... 
t-llne   pen    (Ugs    42  and   43)    is   b'st    for 
thickness      The  points  must  be  kept  clean, 
sTtiiinii  f>u  H  verj  floe   atone  to  the  form 
The  points  may  he  dosed  and 
illl  make   (hem  IdcntlCBl      Then 
open  the   poinfi   snd   grind   each   on    the   r    '  ■ "      ' 

Blgttt^me  pens  are  set  to  make  II '  -"' 

screw  D    hot  the  range  for  anv  on    .        _. .      .._ 

of  pens  are  made       K  vi  rv  flue  line  cin  not  be  made  with  a 


B  dllHcnIt  to   make 


^e  points  Hhould  never  touch  If  a  line  madn  with  the  points 
slightly  Reparatrd  in  too  coarse,  take  a  smaller  pen  These  pena  are 
graded  by  tlia  length  over  ail      Five  laches  la  «.  meftVava  Bui  xhrVs^ 


L,z_L.\./CeKv^lc 


7«  EHQDIBXll  FIELD  UANITAL, 

RlBliMIno  pi'iiB  uirtj  bo  fllleil  liy  dipping  iin  ordinary  ppn  In  the  Ink 
HUll  TunBlllui*  11  liiaM'Hun  tUi>  putQla.  .1  lilili)  (.t  (iflpcr  closely  toldea 
umj  U"  unail  In  II"'  suinB  whj.  In  the  bottle  ol  prepared  Ink  the 
viirV  CBlTliis  R  iiDHlt  quill  tor  fllllDe.  Take  onl^r  as  much  Ink  as  can 
ill'  lltiid  In  two  01'  threK  mlnutCH.  As  bood  aa  the  Bow  becomeB  the 
Irail  ■IU1H|I>>1,  (he  [i<<n  ahoulil  be  empClPd  a.Ld  reQllpd.  *Ta  emtity  or 
oliiaa  IhOeii  pxaa  a  pl«ee  at  paper  (the  earner  of  a  blotter  ta  ex- 
oi'llnnll   bdWwn  the  polnta.  , — 

'I'bH  )|ilju«tlits  Bvraw  slioiild  not  be  flintHrbed  while  work- 
(III  III)  IBiio  »t  [li«  una  tbk'kni'vs.  When  cfiajieing  from  one  thlck- 
iiciB  tu  MUOCIivr,  open  the  pen  and  eleui  more  thoroughly.  To  reset 
fur  ■  ulvsn  ihtcknt'HB  dnw  a  short  length  on  a  scrap  of  paper  and 
lav  II  uliiiiHlilit  of  a  line  al  the  desired  thickness,  prcTioDsly  drawn. 
'I'lie  illlTjireiii^H  will  be  aet-n,  the  pen  can  be  changed  and  another 
(rliil  mann,  aud  no  on  until  the  Hnes  are  matched. 

fill'  ruled  Unei  the  ruler  or  curve  Is  laid  In  the  proper  poaltloa 
■Hd  llii-  ntii  driiwu  along  the  adse.  lightly  pressing  asainat  ft.      The 

I  mil  alioilld  hn  b»]d  wltb  the  plane  at  its  polDts  perp''ndlculBr  to  tha 
■lann  nt  tlie  paiirr  and  Id  the  direction  ot  motion.  The  liandle  abould 
le  HllHhtb   loclined  IQ   the  same  ■><-•'■—      -—  ---  -  — -   — 

piinl'iuraTnol^   the  pen  In  tbe  Be 
111  enunfl  IliD  points  to  follov  the 

In  riillni  Willi  B  writing  pen  choose  one  ot  a  b!l_   

■  lluu  iif  llie  required  tbickiiesa  without  presslnR  oa  tbe  paper.     Dip 
tli«  IKitiit  cnly  In  the  ink.      It  the  ruler  has  a  beveled  edge  plBce  ft    t 
ivllli   llin  toll  proJectlnX'     A  curve  or  a   ruler  not  beveled  should  b* 
t  from  Ibf  paper.     The  pen  Bhould  not  be  inked  aboi 


.re-hand  liL__,  __ 

way  and  move  the  hand  Bo  as 


tUa  tup  proJectlnX'     A  curve  or  a   ruler  not  beveled  should  be 

faliiud  Blliihlly  from  Ibf  paper.     The  pen  Bhoulf        

llif  piiliil  whl«h  tuurllea  Die  ruler.      It  Is  held 


rulltig  Mu,     ^rallel  lines  close   together  may   be 
Bollllili  of  Ihp  ruler  by  Inclining  tbe  pen  slightly. 

Wnilni  Pi<n«  arc  best  for  stream  lines.    When  it  i 
Iliu   iIm   of  ill*   pun    to   anit  the   thlcknesa  ot   line. 


drawn  wltb  one 

■aa  be  done/yary 
. .      .,  Wben  using  ■ 

Unit  pun  frBv-hand  do  as  much  ot  tba  work  as  passible  by  ilraw' 
lliii  (lun   loward   tbe  body  in  about  tlie  direction  of  tbe  down 

'itlei'lua,  bIbos.  and  all  free-hand  work  with  the  writing  pen, 
!  irnu  Dlnan  and  tteshly  inked  and  the  Ink  tree  from  dust  and 
...      iQiiiitguc;^  to  How  freely  without  dripping  from  tbe  pen 

■  Dlronlnr  pen  (He.  48).  set  the  legs  of  the  comoBSBeH  aa 


III  Uflllig  ■  Dlronlnr  pen  (He.  48).  set  the  legs  of  the  compBSBeH  BO 

thli  tlltiy  will  uiaa  tbe  right  distance  and  the  pen  point  will  b« 
VartlvBl.  The'liftd  of  a  pencil  point  should  be  Hhiirpencd  to  the 
ablipv  nf  Ihi'  rilllnB-iii'U  points  with  tbe  Hat  side  toward  the  plrot  lee 

h7  fl .i.mmpfi.     tviuni  using  compasBes  with  pen  or  pencil,  Incline 


ery  slight  pressure 


llIK  111.'    !■  I 
llKlixi'  1'.!. 


ftlivHl,  111  Uv  ^1  lii.lnM.  liniKTial,  22  hy  3i 
Vt  liy  *"  liii'beo  :  AntluuarlBD,  si  by  68  1 
■     "■•  '      ■--      -lUe. 

■   unmounttid   and   kept   Qat   s 


Only  tbe  better  grade  utanils  fraalng 
paper  comes  In  rolls  :te,  42,  mnd  Bi  < 
Ml  i^  the  pound  or  yard.  1 

be  bad  in  rolls  or  sheets  moubted  on  ^ 
— — 1    pold-presaed    f '-    '- *  ^ 


Vt  liy  *"  iiii'beo :  • 
III  on  hirbsk  wide. 
/•Iii-ft   tmtien   ui 


•r/QoO^ 
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WORKS  AND  STRUCTURES.  ^ 


CanMj  or  Ditch   ..! ^ . ' 

Aqueduct  or  Wtlarpipt.     ...    .— ...)""'" 

Aqueduct  Tuanol     .    .  ■■  .~--y^..-.  "Ufr    , 
Caml  Lock  (point  up  atnaai, ,.     ..  .. 


Trail  or  Path 


Railrrtads 


On  imAll-i^alc  map* . 

I  Rulmti of  ami  Ina-i 
tar  Slagl*  Traakl 
Deubit  Track 
Jaxtapoaition  of 


'n  Waton  Soid  or  Strtai  SleaiB  Eleclrla 


Tunnel 

Railroad  Station  of  Any  Itind 


■  Symbol 


Telegraph  Line 


Electric  Power  Transmission  Line 


r 


WORKS  AND   STRUCTURES 


Oanvnl  Symbol 


Dr»wbndg»t  (an  iMTgt-actla 
ebtrit  teava  ahannet  open) 


TVim  ( W.  Vrood:  S.  SUel}- 


Fordt    I  btfaatry  tad  Cavtlry . 
Dun 


> STRUCTURES 


BulUiagz  in  gw»ral  . 


Chvnh ,... 
HeaphMl  . 


PomtOfflM  

T^grtiph  Offiat  ■  - 

Wjtfarworts 

WindtaiB 

C«y,  Town,  or  ViBtga 


City,  Town,  or  Villmga  (guntraliz^tl) 

(ctpiMI  

CHy,  Town.  »  ViBMge    \  c„_,,  e„, 


L,:,il,z.d.,GOO^ 


WORKS  AND  STRUCTURES 


('^mKtrv         .  .    .  ■ ""   art: 

If 't»  ^r  Qatrry  o/ anil  kind  {or  open  cut} * 

fiNtft     -  ■ 

Mrn*  Tunnel  j 


'    '[Showing  !l 


cat  Wells 


Oil  Tanks  iMbbnv. 


Fences   -,  Worm  . . 


3,q,i,i.dbvGoogIe 


BOUNDARIES.  MARKS.  A)4D  MONUMENTS 


NMliontJ,  St»ta,  or  Provinat  Lim  . 

County  Lino 

CM!  Township,  Diatriot, 

PrMinat,  or  Bvrio 

Reservation  Line  _      ...... 

LAnd-OrMnt  Uat     „ _. 

City,  Village,  or  Borougii 
CemetM-y,  SmaJI  Parle,  eto. _ 


Township,  Station,  tnd  Quarter  Sm^on  \' 

Lines  (my  one  /or  lowaMb^  hoa  liaiH,  any  y 
Iwo  f»r  loviahip  and  neHta  Han 


Towaahip  and  SmIku)  Corners  Reoovered— 
Boundary  Monument  — 

Triangulation  Stmtian 

Benoh  mark  

U.  S.  Mineral  Monument    _  , 


3,q,i,i.dbvGoogIe 


rr"3 


Intermittent  Streams 


S«/(  Pond  ibraken  shartlint  i/ini 


c:^ 


rshawn  by  cantaun.  farm  Hon.  »r  lAadiRi »  dtirtd) 

HiUShapas— 

Contour  Syatam 

^7^.-^:^ 

^-^^^^> 

RMlyfariiHaairioiin). 

/.: 

BMi/fs    I 

pilt»r  IfeM  nekji  («r  um  eontMin 

^^,^ 
-% 

ICVM -. 

Fl,   M 

C  oogle 


LAND   CLASSIFICATION 


Woodt  of  any  kind  (or  u  idown  bstowi 


LAND  CLASSIFICATION 


flfjM  (or  HarrtwLtna  Tnti) 


ti 


T57t  TJ-T 


3,q,t,i.dbvGoogIe 


LAND  CLASSIFICATION 


g./.A" 


Qroh»rd 


_  I  &  «&  e-  o  e 
!  «  ft  €■  a  « 
]  o  g'  g  »  g' 


^fMclMtf  in  fWMi-a; . 


-dB  rixfpwa/  Or*»s  _ 


:!,q,i,i.:db,GoogIe 


a^lhimlad  FM^  in  fntral 


t:^,\^ 


■■:■] 
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HYDROGRAPHY,   DANGERS    OBSTRUCTIONS 


\  Unturvn»4 


Rooky  Ltdgn  'l^ilt 


VDROGRAPHY,  DANGERS,  OBSTRUCTIONS 


MS  j 


Kalp 

Eel  Grass 


-^^,i 


Rock  under  water 

Rook  awAsh  Ut  u\y  stste  ol tha  ildt) 

Rook  whose  position  is  doubtful 

Rook  whose  existence  is  doubtful 

Overfalls  and  Tide  Rips 

Limiting  Danger  Line 

Whirlpools  and  Eddies 

Wreck  of  any  kind  (or  Submeried  Der 

Wreck  or  Derelict  not  submerged 

Cable  <wilh  or  withou-  i<iu*nne> 


HYDRO^RAPHV.  DANOERS,  OBSTRUCTIONS 


Current,  not  OM,  vtioeity  S  knots   . 


(  Flood,  fit  knets  .. 


TiMCarronta  } 


No  bottom  at  BO  Fathoms 

Abbraviationa  relating  t 


M.  mad.  S.  imd.  0.  grtvH,  Sh.  Sballt,  P.  ptbU—,  Sp.  tptek*. 
01.  chy.  St.  atoomM.  Co.  con/.  Oz.  opza,  bk.  hltak.  vb.  wA/M,  rd.  rad, 
yt  ixUaw,  gy.  grts,  bu.  bht*.  dk.  dtrk,  H.  light,  go.  graaa,  br,  brown. 
brd,  htzd,  i/t.  wA,  fat.  flat,  art,  osarw,  rk».  nola,  ttic  MAriv, 
brk.  bnkta.  Irg.  iMigt,  aoL  imtll,  aif.  liiff,  oal.  ocMwoui,  Ac. 
dactytd.  nt  ntUn,  api,  s/miklod.  fly.  flinty,  gty,  gritty,  trd.  trwmd. 
itr.  ttroaky,  vol.  velotale. 


3,q,i,i.dbvGoogIe 


HYDROaRAPHY,  DANttERS.  OVSTPIUCTIONS 


1  F*tbom  or  6  Foot  Lino     

J  Fatlyam  or  IS  FoU  Lino 

S  FMihoa  or  18  Foot  Um 

4  Fathom  Lino  

4%t  Fathom  Lino ^ 

SFMomUM. 

fi  Fathom  Lino  ...  .   

10  Fathom  Lino .... 
SO  Fathom  Una 
SO  Fathom  Une 
40  Fathom  Una 
SOFatbomUna..  - 
100  FaOiom  Una 

SOQ  Fathom  Una. 

SOO  Fathom  Una 
BOO  Fathom  Line 
1000  FaOiom  Una 
SOOO  Fathtm  Una 
ZOOO  Fathom  Una 

Fig.  ta 


./Google 


AIDS  TO  NAVIGATION.  ETC. 
^fo-aaving  stMtioo  ^>..s.s  <j) 

HT)  tnaieumt  laltgrtphio  aonMofMn] 
^Bf't  Of  My  kiadior  UthOietttt) i^ 

^'8''thouae.  on  sm&ll  sodh  chATt • 

^gM  Vessel  of  any  kind  .  A 

^ght  Voesels  showing  numb»r  of  m*sls A.  JkA. 

^'Stit  v^ilh  Winlaaa  l^    • 

i-ight  VmmI  with  WInhss ® 

^ght  with  Sufcawrtne  Boll rit    . 

i-ight  Vesse/  with  Submar/iw  B9II  - i 

Light  with  Submtrine  Bell  and  Wireless  A    I 

Light  Vessel  wiUi  Submarine  Bell  and  Wireless (J) 

/LiglHil S    * 


Beacons 


[NatlightKl ■«»  1  1  1  1  1  I 

Sectors,  shown  by  dotted  lines 
Abbreviations  relating  to  Lights 


.,  Google 


r 


VroATION.   ETC-- 


Bj„*                                     .-^AW-vwBbMH  ikMtnft 

Striped  horiionUJtu. .  - .. 

■m^T^ 

.™»=„4W? 

. -._    •«««'<?♦«> 

BalHoryaafiral  four  lymboh  with _     VTTT 

uZl,.*"' r'lt 

Abbrevlattoas  ralating  to  Buoys 

m.  S.  aptr,  H.  S.  h 


I,  Y.  yallow,  Ch  cliaeltartd- 


Mooring  Buoy      . .    .    . 
Range  or  Track  Line  . 


SPECIAL   MILITARY   SYMBOLS 


RegirnenUU  Headquarters.. 


'              Brisede  Headquarters     _. 

-.-.„ ^^^fr-^-MMM? 

, ,__.,.  -ttOi 

Corps  Headquarters _ 

-,=.w.^.. w 

Infantry  in  line                

__^ 

1^^^   I^J^Btry  in  odlumn. 

...a 

^•fi««^> /n  ffne ^^ 

.-—       % 

Cavalry  In  oolumn 

i 

Mounted  Infantry 

— 

Artillery.    ._ ,,. 

Sentry 

Vidette  . 

Picket.  Cavalry  and  Infantry      ... 

Suppart.  Cavalry  and  Infantry 

cA     «. 

Wagon  Train 

^^     Atfiutant  General 
^^^^^^^/OtMrternjaster 

* 

^^^^^^^   ^ 

■     .  -«.,,^„«j|CM 

r 

I         MmSc*!  Cor 


SPECIAL   MILITARY   SYMBOLS 


Signa]  Corps —  !,,s.w-  vwi'-- (Hi<tn^-^>«xBtiMn>9(V-- 

Gun  BAltery  . 
MorUr  Battery' 


T<,>«mrrt:iH; 


Wniepliilobtaliownifkncwa' 


Truiatt     .    .  .         _      .   .  58ifie»™»««fc 

Whan  color  is  used  execute  the  following  ia  red 

Abtttis  ^*.  V-  If  if 

Wire  Entangleighm'  t     ■      '-  i38388S88ff 

Palisades           .III.  -     HinitttlKlH 

Contact  mines  o      o     o 

Controlled  miaea  a^^~^~\i 

Demolitions  'Wmm. 
Flf.  »  & 


r 


2UOSM<  ^LETTERING 


CIVIL     DIVISIONS 

niU 

Stale.a,  Counties,  Toyi-nslapa.  Capitals   and 
Principal    Ctii»s    {all  capital  letlmra/ 

ABCDEFGHIJ 
KLMNOPQRST 
UVWXYZ      - 


'ns    and    VUZa^es    fwUJi.  '^ap.  btHialaJ      '■■*S 

ai  o  def ghiiklmn  opcjrs  tuvwxy  z 


HYDHO  GRAFHY 

»«.  Ri>-ers    and.  Sm's    (all  capital  l»timr»l   ' 

VBCDEFGHIJ 

MNOPQRST. 

UVWXYZ     - 

,Sro6ks    Springs,  small  Lakes.  Barhdm.  ' 
•0t  and   Gtaoiers  (wiSi  Cap.  iniiiaimj     ,,j^ 
i^  fg  hyk.  LtntLop  qrstuv  it-jryt 


r 


LETTERING 


HYPSOGRAPHY 

Mountains,  I'lciteeruB,  Lines    nf  CH/fk 
'ind    Canyons    fall  napilnl  letter  >■ ) 


) 


ABCDEFGHIJKLMNOPORSTU 
VWXYZ 

Peaks,   xmail    ViUt&ys,   Canyons.  Islands    and   ftointS- 
fwm.  Cap  intUfOt) 
abcdef^hijklmnopqrstuvwxyi  ' 

•kt.  ■: 

PUBLIC      WORKS 

Rtdbvads,  Hiimeia.  Bruiije^,  terries,  Vajfoivroaxlti. 
IraHa,  FonLs   ami  Damx  /aipHult  onh-j 

C  ONTOTJR    MUMBE  R S 


MARGINAI^  J^ETTERING 

■ABCDEFGHIJKLMNOPQRSTU 
.  „,,VWJCYZ 

L  fir&A^.  Cap.  iTtitviia  I 

a  betJ'Jfefi  ij  ><  li"  "°  W '^*''^"">* . 

t..-,f/    IZ3**67990  JfH!....!         j\    ■ 
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LETTERING 


^ 


maso/aalurti 

l*n 

d/B« 

Nt 

iniWB/Mjun; 

»■ 

n, 

icIaxaofJtSIt 

■r* 

aih«MM 

./ftei«/i<         U 

Sft 

tBte/MtarSt 
AUTMORI 

mrOo/t. 

IBHEVI, 

ZED  AE 

UTIONS 

Arroyo 

L.S  S 

Life  Saving  Sta 

•but. 

Abutment 

Lighthouse 

An;h 

Lon^ 

Longitude 

Brick 

Blacksmith 

Ml 
Mts 

Mountain 

B  S 

.  S 

hop 

Mountains 

boi 

Bottom 

N. 

North 

Br. 

n.f. 

Not  rordable 

6r 

Sndge 

p. 

Pier 

C, 

CapB 

pk. 

Plank 

Cematerj, 

P.O. 

Concrete 

Pt 

Pbinl 

Queen-post 
Rive- 

Cr 

Cnek 

R. 

cul. 

Cul  van 

R  H 

Raundhouse 

0  S 

Drug  Store 

Railroad 

E 

East 

S 

South 

Est 

Estuary 

s 

Steel 

f 

Fordable 

5  H 

School  Houje 

Ft. 

Fori 

S  M 

Sa-  Mill 

C.S 

General  Stc 

StB. 

Statron 

i'r. 

Clnd.r 

Stone 

GM. 

GH It  Mill 

atr 

Stream 

1, 

Iron 

TG 

Toll  Gate 

olel 
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XECOmtAZSSASCX. 

93.  If  a  blot  dcopa  »□  the  drawing  tnke  a  pl(>M  ol  blattine  paper, 
tear -a  c»rner  or  edge  1o  eiposp  a  frpsh  surfacp,  and  hold  It  fii  the 
blot  vriChoat  toncliinK  the  drawing  until  the  surplus  Ink  Is  absorbed. 
Then  press  a  dry  blotter  druil;  on  the  tjput  and  let  It  dr;  thoroughlr 
berore  alteiuptlng  to  enme.  A  piece  of  oewapaper  niny  bo  uspd 
Instead  of  blotting  paper,  but  should  be  sllshtly  moistened  to  basten 
the  absorption.     For  a  large  plot  several  pieces  may  be  required. 

94.  Krasera  fur  Ink  aiv  uf^sleel  or  lUbber.  A  steel  eraser  of  pen. 
koltn  must  he  very  sharp  to  give  good  results.  An  eraser  of  gritty 
rubber  is  most  generally  used.  It  la  best  to  utie  an  erasing  shield 
of  thin  metal  or  celluloid  (flg.  44),  which  ejpuses  the  area  to  bs 
erai^ed  firough  one  of  the  oiienlngs  and  protects  the  rest. 

ti5.  Tmclns'  llDcn  la  usunUy  dull  back,  having  one  side  gloied 
and  the  other  dull.  Erasing  can  be  done  on  the  glnzed  Bide  Oclr. 
Tbe  glDzed  Kide  Is  used  for  Ink  and  tbe  dull  side  for  pencil  trorb. 
'f'^"  Klaxed  side  r""-''"'"  -.'""'■.■■'"''.-  i.-*..-^  ..-.„  *.„  . „,«„—  ..# 


The  Blaxe 
paraffln.  i 

tubbing  t 


hich  ptevenU  Ink   from   running  well  and  cIobh  the   pen. 

„ ird  with  frreb  bluttliiE'  paper  Is  the  simplest  method. 

TrHOlnK  naper  la  allki;  on  both  sides.      It  will  not  erase.     Most 


-^    Jng  It  Is   helpful  to  use  a  duU-palnted   Im^trDmeat  In   the 

left  band — a  stylus  or  top  of  a  penholder — to  press  tha  linen  against 
tlie  drawing  at  the  point  where  the  pen  is  resting. 

!Wi.  Conventional  alKna.— Tbe  symbols  or  signs  used  to  repre- 
aent  topoeraphlcal  featares  are  designed  to  be  rapidly  made  and  read- 
ily understood,  and  to  rpsemblc  or  Buiipi^st  tbe  actual  features  they 
rpyresent.  Multiplicity  of  algos  Is  not  desirable,  and  a  verbal  dealg- 
nation  or  descriplloD  of  the  features  Is  often  more  intelligible  and 
more  quickly  reoordod.  For  instance.  It  Is  better  to  write  the  names 
of  tbe  growing  crops  of  a  district,  as  tobacco,  corn,  or  cane,  than  to 
"-e  entire  area  wltb  a  symbol.    Another  method  of  eipedltlng 

Hgn  and  leave  tiie  middle  blank. 

T'he  conventional  signs  adopted  In  1912  and  imbUshed  to  the  Army 
tn  pamphlet  form  are  shown  in  Qgures  48  to  QTT  Inclusive. 

The  adaptation  of  conventional  slgoa  to  the  i>iie  and  scale  of  the 
map  la  accomplished  In  part  by  varying  the  boldness  of  the  pen  or 
brush  strokes  and  la  part  by   wider  spacing  of   them.     The  strokes 

mnat  never  ba   so  small  as  to  render  tbe  t' —  '" — "■'-   --' 

laotpr  than  can  be  easily  made  with  a 

produce  a  result  which,  while  dlstlnc. „ _. 

shall  not  be  so  heavy  Id  general  tone  as  to  catch  the  eye,  or,  what  Is 
especialiy  Important  in  military  maps,  to  obscure  any  additions  which 
may  be  made.     Topocraphlcal  signs  should  be  perfectly  clear  when 

As  a  roUBh  gtilile.  It  ma.v  be  staled  that  tbe  signs  shown  in  tbe 
plates  are  al>nut  right  for  continuous  Breas  of  3  square  Inches  or  less 
la  maps  of  scales  of  2  or  3  Inches  to  tbe  mile.  If  the  map  areas  are 
larger  or  tbe  scale  emalliT,  the  signs  should  be  lightened  some,  but 
not  much,  by  making  the  strokes  smsller  and  by  spacing  them  wider. 
Some  examples  of  good  mans  show  the  meadow  sign,  for  example, 
with  two  or  three  elements  to  the  square  Inch.  For  very  large  scale 
maps  and  for  Seld  sketches  tho  strokes  may  be  made  heavier  and  tbe 
spacing  In  them  close.  These  remarks  aiiply  only  to  cultural  signs, 
and  a  few  others  tbe  significance  of  whicb  Is  independent  of  slie  and 
Bhapc.  All  natural  or  artlllelal  features  In  which  size  and  form  are 
In  any  way  material  should  be  drawn  wllb  as  mach  regard  to  th« 
scale  as  practicable.      This  becomes  more  Important  as   the   scale  Is 

It  tnay,  therefore,  buppen  that  the  same  feature  will  be  differently 
ahown  on  maps  of  dllTerent   scales.      This  la  well  Illustrated  In  the 

I    iarge-scate  map,' say    1 ;  1,000,   a   rivulet   n   few    t-et  sIHb   i.ni.M   ha 
I   riwwn  by  the  second  sign,  while  on  a  scale  of  1 
I   1  m"-  -'"- '■■  •■-  -■ ■•-  "•-  "-"*  "~ 
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2JV1FZZ3;   TZJZZ.  XATT^ 


:  llupvaa  of  lB*alar' Atfalnii 
t    lliv   PlillIpplB««:    in   DlTl. 

.   ^lot.  |>las.  profllp.  iKfilOM. 

';.*  '*;'.*.  t<  plan  mad  hhiIvh* 
:   *l>-t*ilbiia   at   caardh*BBr, 


unilfr  Ihr  diririion  of  '''it-.-H  Joha  Doe,  i 
William  Itnr,  rt(  T    H.  In/anUa. 


iiilil  ti^  fidajit'"!  In  •^itv  ao'l  br>]1n»«s  tt  th^  r1z«  nnd  Im- 

^■rtaiirs  of  thn  olv^t.  Ihiy  vh'iuld  hi-.  dIvldPd  Into  1Id<-^.  folioTlng 
■nnlnly  llw  (IfvlHliiDH  limt  Htalnl.  Thn  middle  htier  of  raib  line 
iihnuld  rmi  on  h  linn  drnwii  vrtinMy  throach  the  nilildip  of  the 
ii|«M  nUiiIImI  til  tb■^  tttlit.  IJni>K  Bhould  be  altprnati^ly  lone  and 
pnifft,  and  If  Itw  lnux  llm^  nrn  Kjrmiiii-tripally  dlKpwod,  the  ellFct  Is 
bxtti-r. 

To  pn-|uin-  a  titli'.  write  il'm-n  thi!  matter  nDdrr  tho  varlnus  UPndR, 
with  limin-r  ninun'lliiK  wunls,  and  divldp  it  up  Into  lines.  Then 
Mock  oat  tlv  tltlp,  filiHi-rvliijc  thp  dlvtxlon  of  llnne  dn'idi'd  upoD,  and 
ninkP  rnii-h  allcnirluiiH  mh  iui-m  dPKirahle.  llnull.r.  letter  the  title  on 
tbi>  mail.    Tbi>  f<ill<ivlnK  1m  iin  example : 

IHtMiW  of  th*  I'hlllpplnen.  J  Sketrh  map  1  of  a  trart  of  Innd 
luirthi-aHl.  of  r  /HiiilionDim.  I  Mnnrt  of  Xllndaiiao,  |  abowlnjc  the 
pimHWM  liK^ilW  iif  n  I  rjintoDiiient  «f  I'vJ*-,  """(*•  „'  *rom  " 
KeoimalHKniii'K  li*  Taiit.  A — -  «.  ,.,  I  rhW  Bncr.,  DepartmMit 
«f  Mtndntinii,  I  iaii.  in.  IWM.     I  Hiiile.     |  C'lmlonr  tnli'n-al,  :tO  ft. 

!inli>».  Iitvldm  the  ritti',  unefi  InfuTiiinilon  hk  will  hHii  lo.a  proper 
nnderstnndliii;  of  thi'  ufanliiK  ""d  value  iif  the  DUii)  should  !»■  jrlven 
In  Ihe  fiinii  iif  notw,  Tliew  UHually  r.>1nic  A>  uii'lhodH  uiwl  In  the 
•nrver.  iliiliini  iHilnts.  etr. 

Kli:uri'  IW   xhowH  the  title  I'om'SiHiiKline  to  the  alioTC  eiiunpip, 

■•-ri'dlnn.-  The  nineni'tie  mi'rldlan  Klionid  )>e  shown,  aitd  Hie  tnie 
an  HlKo  If  Ihe  dii-lliintloti  U  kimivn.  The  Inie  inerldlnn  miiT 
-t,  of  a  liH-h™  or  miwiinl  111  Ifiiflh.  with  n  -tar  iit  lis  north 
•    fealbPT    of    (111    urrow    at    its    suUth    end.      The    mngnetlc 


./Google 


BBC6l*HAIBSAirCB. 


fl*       \ 


DIVISION  OFTHE    PHILIPPINES. 

SKETCH  MAP 

OfaTRACTdfLAND  North [astof 

ZAMBOANGO, 
ISLANDqfMINDANAO. 

^hok^r'ng  the  ptopo^td  hcatt'on  of  a 

CANTDNMENTorU.S.TROOPS. 

From  a  /?£co/vna/ssaa/c£  Br 

Captain  A B 

Ch  I  Er  ENG'R.Dc:p'T.or  Mindanao. 

Jan.  15, 1904. 

Scale: 


Confotir  Iflhrval  20" 


^arp-  S/eyaHans  are  a^iyre  //leirr?  i^n^at- 
Q.  M.  u/i orf  ir>  2amioonno. 


GHOniEER  FIELD  ilAflUAL.  ^^^^^ 

lOKjr  \tB  ma  atcow  croXBius  tbe  lormer  al  tbe  middle  point 

■ereialilj- 


,   «i(l  mnkluR  Hllb  II  an  angle  vqulvalpot   to  Ibe  dcclinatlOQ. 
'      '^■-  - «  ai'awiInK  stouia  be  Inclosed  In ----'-   - 


^Ith  tla  ulUra  N.  and  S.  nod  U.  anil  W.     Tbe  border  __    

"  "vl  lloeB,  Ibp  Inner  oub  oiedlum  doe.  the  outer  one  medliuu 
,__-..  with  a  BlittCe  belween  Ihem  mhiU  to  the  width  o(  the  outer, 
r^a**'  kiHMEI'aphli'Hl  mapB  ■  doable  bonlsr  U  a«d.  with  space  between 
h*  _-  glilimt  til  I'ontBla  the  DuuiUerB  at  merldlaiiE  and  purallela. 
»*^  l*tt»rlnii;,— Nnmea  and  flguren  relatins  to  points  on  the  map 
-_f*iild  tw  mnde  iiHrnllel  to  one  side.  Names  and  Q^rea  reliitlntc  to 
•  ■Tfi-iid'd  fpiitiirw  or  large  arcui  are  UUposed  along  the  feature  oc 
—  ^•■•'•a  the  urea  In  atinliibt  or  curTed  lines. 

^  *■   ^  ininuii'iiliil  Uttvrlnif  abould  be  avoided,     A  plain  unsbnded  letter 
liMKt.     All   iivedtul  variety  o(  effect  and  promlueure   mny   be  ob- 
l>y   ilm  ilac.  ipnclnz.  welnbt,  and  inclination  of  such   letters 

"  e  eieliiBlvH  use  ot  capitals. 


capltnia  1 


ii'ilH 


a  'for  aU  nanics  alnd  urorOB 
iter  and  upright  letters  for 


.0  ot  tbe  original  (Hr.  TOI.  If  a 
incrd  on  the  aide  of  a  auimre  on 
111  of  the  cop;  on  the  aide  of  a 
i.iiild  be  tbe  aame.  The  square  an 
ilnR  U  In  be  enlnreed  and  Bmaller 

liitlo  of  reduction  or  enlurKeraent. 
vlth  the  rutio  of  area  of  the  two 
miortant. 

iitid  raprodure  ttB  contents  In  the 
or  tnke  n  feature  of  the  original, 
I'ounc  Ihrniigb  aeverHl  aquareB. 


^1^  BiUinilC'l  wltb  MuIUtU'iil  ni'i'urDcy.  Important  polnta  mn;  bo 
f  JLud  hr  meiiBuremeot  of  dl'lBDcca  from  the  nenreHt  sldee  of  the 
W*J,^,  lurtng  the  scale  of  the  map  and  the  »i-nle  of  the  copj.  [«- 

■Pt^itmS'of  drawlnu  the  lauareB  on  Ibe  original,  they  mny  be  drawn 

tradDV  iln*"  "I"  P'P*^  '"'"l  "'"  "■  O'  ""s  threadB  mny  be  atrelcbed 

?^  Vn«n   the  iquareB.      Bvirv  drawing  board  abouia  have  a   scale  of 

(*.i2i  on  %<*  •«««  marked  with  One  saw  cviti  or  with  smnll  tncka 


Hlind" 

I 


arva  and 
„„l  .,i.ea.     In  .. 
Uiiltipl)'  tbe 
frtl^TV^the  Inch— 'eSO.oSo'BqnnV^e 


_ _   _        ■  of   500   feet   U 

(=17,36  square  leet.    The  number  of  eqna 


niBlIlplyll 


Ihk  tbe  scales  together,    Thna.  In  a 


Q  feet  ti 


if. 


of  10 

J 
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feet  to  1  Inch.  Ilie  area  of  n  Bqiiare  iiicli  of  the  druwlug  Is  BOOXIO— 
5,000  square  JufUe^.     Oa  fiiirh  a  jiraHle  n  square  of  iV  fnch  on  a  alila,- 

11)0.  Vemlvra. — A  vernier  is  ab  Huiillary  scale  by  means  ot  wlilclt 
thP  principal  scale  can  be  mail  more  plosely  than  con  be  ahown  bjr 
actual  subdivision. 

Consider  AB  (flff,  72|  as  part  of  a  scale  of  equnl  parts, 
tbe  aaiUlaiT  scnle  or  vernier  CD,  tbe  total  Icnetb  of  irlileh  Is  equals 
to  9  ot  the  smallest  alvldons  ot  the  principal  acale,  but  divided  inta. 
10  equal  parts  Instead  ot  B,  nhleb  mukcs  each  division  of  the  veniMr 
■    "-e  length  of  "-"  ^•■■■"i-".  -'  -h.  ^^„i^  \ 


Wben  the  zero  dlvlBion  of  the  Ternler.  Indicated  bj   .._   ,  _ 

■   "     ""  "■     "'  "" "' iding  is  31,  8Bd 


coincldent  with  a  division,  as  ^l,.of  the  scale,  ttie  n 


In  the  scale  bj  A  ot  tbe  distance  betwceo  31  and  32.  Sin 
secooi].  third,  etc.,  division  ot  tbe  vernier  ia  tKO,  three,  etc. 
rbe  left  of  tbe  3a.  34,  etc.,  division  of  tbe  scale.  To  make  ai  _  _ 
ot  the  vernier,  as  second,  third,  fifth,  or  etehth,  coincide  with  ibfr 
division  ot  the  scale  neit  ahead  ot  it,  the  vernier  must  be  moveft 
to  the  right  two  three,  Ave,  or  eight  tenths  of  ths  length  o*  one  dlvC^ 
Bfon  ot  the  scale,  and  tbe  airow  will  then  be  opposite  a  point  — 
the  scale  two,  three,  five,  or  eight  tenths  ot  the  dlBtsuce  ftom  31 
.12;  or  at  31. a,  3].3.  31.H.  or  31. S.  The  quiintitr  obtained  by  dirldinff 
the  valne  ot  one  division  of  tbe  scale  by  the  number  of  dlvIsloHs  ^' 
the  vernier  is  called  tbe  least  connt  of  (he  verBlep.  But 
Intermediate  vernier  division  can  coincide  with  n  scale  division  at  v™. 
same  time  and  the  number  of  (he  coincident  veruifr  division,  countla*' 
from  the  arrowhead,  Is  the  number  of  times  tb"  lonat  i>™.ni-  n.n.i- iS- 
added  to  the  last  scale  divtaloa  passed  by  tbe 
reading. 

To  read  any  vernier  note  tue  value  ot  the  las 
by  tbe  zero  ot  ths  vernier  and  to  it  add  the  tea 
the  number  of  the  coincident  vernier  division. 

A  vernier  conatriirted  as  described  la  always  rend  ahead  ot  tba 
EGro,  or  In  tbe  direction  io  whlcb  the  scale  graduations  Increnae,  and 
is  called  a  dlroct  vernier.  Verniers  may  also  be  constructed  bj" 
dividing  tbe  length  ot  a  certain  number  ot  divisions  ot  the  scale,  aa 
11,  into  equal  parts  one  leas  in  number,  as  10,  The  nrlndplea  of 
operation  and  method  ot  reading  are  tbe  same,  except  that  the  raln- 
rldent  line  is  to  be  found  behind  the  aero  ot  the  vernier,  or  in  the 
direction  In  which  scale  fruduatioita  decrease.  Tbia  form  la  called 
relrosFKde,      It  Is  but  little  used. 

If  the  scale  Is  graduated  in  both  dIrecCIous,  as  is  often  the  case, 
the  vernier  Is  doubled,  the  lero  In  tht  middle  and  each  side  forming 
s  direct  vernier  for  tbe  graduations  increaainc  in  the  same  direction. 
This  form  la  called  double  dlrei^t  (fig.  73).  The  most  compact 
form  Is  that  shown  in  figure  Ti,  called  the  toldea  vernier,  la  which 
tho  urniliiBtlona  are  numbered  from  the  middle  to  one  end  and  con- 

1  tbe  otbpr  end  to  the  middle.     This  Is  read  as  a  direct 

r  In  either  direction.  It  the  coincident  line  la  ofteod  o(  tho 
imame  or  In  the  direction  of  Invyeiiiiny  araduation,  take  Its  number 
from  the  middle  as  sero.     If  U  Is  Urtiinil  the  middle  or  in  tbe  dlreclion 

ot   dwreortrto   grodvatUm,   take    1*^" "    " " 

eoiuting  the  end  line ' 

""■nucrs  are  also  ci .„  _,, ,„„. 

DDlcal  surfaces   (fig.  Till.     The  principles  and  method  o 
■^'  "Tie  for  all. 

e   ennlneer"!!  trannlt.— This   InBtmment  Is  shown,  and 

___  ot  its  parts  indicated  in   figure  71.     To  use   the  transit. 

,   the   tripod,   the   legs   citending   tar   enough   to   give   a    stable 

nd  BO  as  to  make   the  inp  surface  of  the   bead  borisontal   or 

On  level  ground  the  Irgs  will  be  equally  extended.     On 

ind  the  leg  on  the  lower  side  will  be  atralghter  and  tbe 

inclined.      Rpdiovp  thf   cap   from    thii    irlpod  and   screw 

meat  in  Ite  place.     IIude  tba'plumb  line  on  tbe  hook 
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BECONIfAISSAITCE. 
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BECOmTAISSAirCE. 

Hid   adjust   lis  IcDBth   t 


wlU  be  parallel  to  the  atber  pair.  DrTng  the  buliblea  of  the  levels  to 
the  eeoter  In  succexHlon  by  means  of  the  levellDg  sctowe.  Always 
turn  one  ol  a  paic  down  aa  the  opposite  one  1b  turned  up  and  avoid 
more  preaaure  at  the  Bcrewa  agBinst  the  plate  than  Is  uotcaBarj  for  a 
flno  bearing.  If  a  aecew  turns  hard  at  any  time  It  is  eltlitr  apwingor 
has  been  wt  up  too  tight.  In  turning  a  pair  of  leveUng  aentwa 
alwaya  move  the  thumbs  toward  each  otbei:  or  away  from  eaab  other. 
The  bubble  wlU  follow  the  motion  of  the  left  thumb. 

With  the  k<TPl  buhblea  In  the  centers  ot  their  tub«B  the  plate  will 
be  level  If  the  bubhles  arc  In  adjustment.     Torn  the  transit  slovlf 


luth  and  watch  tbe  bubbles.     If  tbey  nimain  in 
—  '-  ' — '   -na  tbe  levels  are  also "  -' 

he  amount  of  Itn  mn 

of  adjustment      If  th 

].  the  adjustment  ahou 


the  plate  Is  level  and  tbe  levels  are  also  correct.  If  either  bubble 
leaves  the  center,  the  amount  of  Ita  motion  indli^tea  the  amount 
by  which  It  Is  DOt  of  adjustment.      If  thp  amount    Is  small   It  may 


abort    lines    ,    „    

Adjust 


tiould  be  Invariably   i 
in  wnicn  iney  are  oescncjea. 
lit  Bdjnatnieiit.— To  mi 

dicular  to  tbe  axis  of  the  L 
plBle  : 

Having  Ewt  up  and  leveled  clamp  the  Umh  and  revolve  the  plate 
180°.  ft  either  bubble  recedea  from  the  middle  of  its  tube  brlnz 
It  back  bj  ralHing  the  lower  or  denreBsing  the  higher  end,  one-hair 
by  the  main  leveling  screws  and  one-half  by  the  small  screws  wbicli 
fasten  tbe  level  to  the  plate.  Again  revolve  tbe  plate  180°,  and  U 
the  bobble  still  recedes  (ram  the  middle  correct  the  error  as  before 
BJid  repeat  the  operation  unlll  tbe  bubble  does  remain  lu  tbe  intddle 
In  both  positions  of  the  plate.  When  the  adjustment  is  complete 
both  bubbles  will  remalii  In  tbe  center  wltb  the  pinte  In  any  pnaltlan. 

2d  adjantment To  place  the  Intersection  of  tbe  cross  wires  la 

the  straight  line  tbrough  the  optical  center  of  the  object  slass  and 
perpendicular  to  the  horizontal  — '-  -'  ""  '-' 

Tbe  drst  adjustment  eomplet     . 
well-defined,    ond   distant  object.     With   the    .... 
Dbject-Elass  slide  adjust   the  latter  tin  that  the  dUtant 


..i    poBBlbto,      Both    cross    wires   and    object    ahijuja    now   be 

clearly  seen.  Note  whether  the  Image  app^'srs  to  move  wltb  reference 
to  the  wires  when  the  eye  U  moved  from  aide  to  side  across  the 
opening  of  the  eyepiece,  ouch  displacement  is  called  pAmllaK,  and 
IndlcnteE  that  the  image  Is  not  exactly  lu  the  plane  of  the  cioss  wlTes. 
Move  the  object  glass  by  Its  Ihumbscrpw  until  the  pnrallal  oetties. 
Thta  mult  lie  done  every  tine  the  tranull  ia  naed  to  read  an 
when  adjusting  11 
latt  and  lay  t--  ' 

_       ,     .     00  or  300  feel 

'.  that  is.  revolve  it  d 
pill  anven  at  the  same  dlstan 

die   BhBll   be   seen   esaclly   at   — ,   ._    —.    

Revolve  the  plate  180°,  clamp  and  lay  eiaetly  upon  the  middle  nt 
tbe  tlrat  pin.  Again  plunge  the  telescope  and  look  at  tbe  second  pin 
U  the  Intersection  again  strikes  the  pin  tbe  adjustment  Is  correct 
but  If  the  pin  appears  to  onr  side  ot   the  Intersection  bring  it  bad 


i 
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move  In  the  Hell]  and  tIgblcD  thi>  olhiT  oni?.  It  ini:erlin/i,  turn  t 
other  way.  Repeat  the  pruepBB  unttl  the  pins  are  cut  einctlj  In  t 
middle  vithOMt  rervrrnce  to  position  of  traucli;  or  t^lesi^pe.  T! 
adJUBtment  will  then  he  correct. 

3d  sdJiiBtinent.— To  mnke  the  hotlKontn]  &i1h  of  ttie  telescope  p( 
pendlculBF  to  the  T^rtlcal  axis  of  tbe  InstrumeDt : 

The  InBtrumeDt  leveled,  lay  the  telescope  on  a  point  at  tbe  top  of 
nearly  vertical  line,  eucb  ns  the  oorner  of  a  hiillding  or  a  steady  plon 
line.  Clsmp  the  plate  and  depresa  the  telescope  until  the  horlBontw 
wire  19  near  the  lower  end  of  the  verQcat  Hoe  and  note  the  paaltion  of 
the  InCeraectloa  of  tbe  wires  with  respect  to  the  selei:ted  verttuit, 
whether  to  right  or  left  of  It,  and  how  much.  Revolve  the  plate  190°  ; 
[>  point  of  the  selected  vertical ;  asaln  depress  tbe  telescope 


raectloD  of  the  wires  is  ueatn  on  the  same  Hide  and  at  tbe  same  dts- 
«  from  the  aelected  vertical  the  adjuatnient  la  correct.  It  If  la  not 
slue  or  tower  the  movable  support  by  tbe  proper  adjusting  screws 
H  to  correct  half  the  difference  and  ccpeat  the  operation.  If  the 
muieot  Is  erecting,  raising  the  eupport  will  move  the  intersection 
y   from   It,  or  lowering  the  support  will  move  the   Intersection 

rpendlcular  to  the 

l^levate  tbe  telescope  slowly  and  note  whether  the  point  remains  on 
the  wire.  If  not.  loosen  two  ailiacent  reticle  screws  and  tap  the  head 
of  one  very  geutly  until  the  point  will  travel  on  the  wire  from  end  to 
end.  Then  tighten  the  acreu-e.  If  gently  tapping  on  n  screw  head 
doei  not  move  the  wire,  tap  oo  the  oppoelte  side  of  tlm  opposite  ecrew. 

For  a  tFBQSlt  without  vertical  limb  or  attached  level.  Icnown  in  the 
trade  as  a  iiluln  imnalt.  tlie  adjMstments  are  now  complete.  If  the 
transit  has  an  attached  level  Its  axis  Is  made  parallel  to  the  line  of 
Bight  by  the — 

Sth  ndJaMtment.— Set  up  midway  between  two  stakes,  which  have 
their  tops  at  about  the  stime  elevatloB,  end  with  the  bubble  at 
the  attached  level  In  (be  center,  read  a  rod  on  each  stake.  Tba 
difference  In  the  readings  U  the  true  difference  In  level  of  the  tops 
of  the  stakes.  Move  the  instrument  toward  one  of  the  stakes  and  set 
It  up  so  that  Ihe  eyepiece  is  about  over  the  center  of  the  nakc.  Place 
the  rod  on  tbe  stake  near  the  eyepiece  and  set  the  target  in  the  middle 
of  the  held  as  seen  through  the  oijcel  glaet.  Set  up  the  rod  on  the  far 
Htake  with  a  tarF^et  set  at  tbe  resdlne  Just  taken  through  the  object 
glass,  plus  or  minus  the  difference  of  level  between  stakes— plus  if 
lower,  minus  if  higher.  BiBeet  the  target  with  the  horlaontal  croa» 
wire.  The  line  of  sight  must  now  tie  horliontal,  and,  keeping  the  ver- 
tical motion  datuped  an  as  to  retain  tbe  pointing,  udluut  the  bubble  of 
tho  ntriiched  level  to  the  center  by  meooa  of  tbe  small  screws  nl  the 
<  end  of  Its  tube.  Both  line  Of  sight  and  axis  of  bubble  are  now 
-tai  and  therefore  parallel 

..-,e  that  the  position  of  the  hoHiontal  wire  In  the  field  l.i  a  matter 
of  convenience  mainly.  It  Is  best  to  hBTe  it  near  the  middle  of  thb 
field,  and  it  can  be  placed  there  by  inspeollon  with  all  needful  prs- 

eth'ndlDHtment.—It  the  tranatt  hna  a  vertical  limb  in  addition 
to  the  attached  level,  the  line  of  slsjbt  and  asls  of  the  attached  level 
made  parallel  to  each  other  by  the  preceding  Hdjiintment  should  alan 
be  BO  adjusted  that  the  vertical  ncale  will  read  zero  when  they  are 
t._. — ..1  T.  4.I..  -.,.,niop  nt  the  vertical  limb  Is  adjuatable.  bring  tbe 
0  (he  center  and  then  adjuBt  tba  vernlHT 
Is  fixed  the  reading,  when  the  attached 
ken  »9  nn  Index  error  and  applied  to  all 
may  be  adjusted  to  the  vernier,  To  do 
itai  line  from  the  center  of  tho  level  to  the  lar- 
p  preceding  adlUHtmei  "•«  vettleal  Umb 

da  leto  aud  bring  th'  \Ait  the  wires 


BECOimAIBSAHCE, 


0  attached  Iptc 

TPriKal  Umb  la  at  ze..    ^- , 

102  tJatr  of  tbe  trKiHft  — ro  uteatnire  n  horisiiatBl  angle  net  up 
over  the  vertex  of  the  angle  to  be  measurea,  and  dlrtt  thp  telescopB 
along  one  o(  the  sides  ot  Ihc  angle      '  Inmp  llmh  and  plate — If  tlie 

screw  of  the  limb  bring  the  Intersection  ot  thu  TOsa  hnlrs  on  a  drflnlle 
point  of  tbe  line  ......  .... 


tfla^ni' 


...  .i.ope  along  thi  other  Un        Cianip  and  bring  the  croag 

hiOra  to  a  deBnifenoint  Tilth  tbe  vpinl  r  tangent  screw  Read  and 
record  UB  before.  Take  the  dlTTirences  of  the  tno  readlnga  A  and  B, 
rtB!.ci.tlielj  If  these  dUfnn  n  s  are  tlj  a  inn>  It  la  Ibe  value  of  fbo 
auKle  II  not  take  the  mean  uf  tbo  dilfii  ui  «  no  tbe  ralue  For 
KrvBter  epcaracv,  the  method  0(  n?i»»«llloii  Is  used  After  the 
Slut  tDcaaurement  la  tnadc  unclamp  the  limb — not  the  plate— and  re 
Bight  on  the  Brat  point  ly  means  of  the  limb  langent  airen  and  pro- 
ceed aa  before  The  readlns  of  the  vernki  is  now  twice  the  angle 
lODlinuc  tbe  repellliona  utilll  tbe  dealred  number  are  mB.de  The  laat 
reading  dUided  bj  tbe  number  of  measureuiuita  Is  llie  tiIul  of  the 
angk       To  guard  at,alnst  errors    It  la  nell  to  read  and  record  after 

To  aueaanre  a  vertical  iliikIv — Point  the  InetrnmeDt  clamp 
the  horlHoclal  Dutlotia  and   makL  the  r  udlngs  on  the  rerllcal   limb 

the  instrument  thrcu^h  isii  pluuki  the  telescope  and  take  new 
readings      It  the  rr-aulta  dllTir   us    thL  m  an 

Tn   mil  nnt  a  iilraliclit  line  — R.  t  up   U'^turately  OIT  the  Initial 
ri.d  dlrt<.tlon  and  eatahltah  a 

.      _.   line  nhleb  Is  to  he  ran  oat 

_,   _   _r  the  fornard  or  awsind  point      lay   the  telescope  on  the 

initiari ■  ■     ■ 

nlth  th 

the  sttps  taliLn  at  the  ac  cond  point 

If  the  adjuttmenla  are  nut  eood.  aet  a  third  point  aa  before  Then 
unilamp  the  lliub  and  turn  180°  la  azimuth  anil  ls^  on  tbe  Initial 
point  (.lamp  and  plunge  ai.aln  and  aet  anither  third  point  bc^ldi 
the  first  one  Take  the  middle  point  hptween  tbe  two  for  tti<  tme 
third  yolnt  Tbla  m  thod  eltmlnati-B  eirora  of  adjnatmfnt  eicept 
those  of  tho  plate  IctcIb.  These  are  ao  easily  obaerved  and  corrected 
that  tb^  should  ncnr  exist  when  close  work  !s  nqulr  d 

lOJ  TraTemlus — Ibe  tranait  must  be  set  at  each  station  with 
the  O-180'  line  (rf  the  ailmuth  circle  piirall  I  to  its  po'iltion  at  pre 
ceding  stations  This  lb  called  cniFrtnK  an  nBlmntli.  Tbe  dirvc 
lion  cboBcn  for  the  U  1^0°  line  la  usnally  the  true  N  and  S  or  as 
near  It  aa  data  at  hand  will  permit. 

Having  observi'd  the  second  alation  from  tlie  first,  proceed  to  the 
second,  set  up,  and  act  one  of  ihe  vemlera  at  its  readluR  from  the  first 
to  the  second  station,  pliix  lfSO°.  or  at  Die  bnclc  aclDiittli.  Point  at 
the  first  station  anrtrlnmp  the  limb,  Tht  line  H-ISO"  la  bow  In  ft 
position  parallel  to  Ihat  at  the  first  station.  I'nciamp  t!ie  pinle, 
direct  the  teti-acope  to  tbe  third  atallon.  and  proceed  as  before. 

1D4.  Sladin  iinrTfjIiitr.  or  Rtadtn  Tiorfc,  la  In  thearv'the  <le- 
termlnallon  of  tbe  distance  of  an  object  along  fh"  Une  of  slehl   ' 


.      .      p  deter- 
t  that  dlatatice 

,  r — =-  -.  -  -h  Ihe  leleapope. 

B  required  to  produce  *n  Imaj;?  i>t  fised  bIm  a 


wlilcb  Is  rtiiulred  to  produce  an  image  of  a  fixed  el 
The  Blues      ■     ■■     ■-    "   '-    -------   '-   ■ 


dlrectlj  propottlunal  to  their  distances  from  the  point  over  which  the 
telescope  Is  set  This  hypotheaiii  ta  not  rigiais  eovctt^,  \N.v  ■&!*  ■<&.■«>- 
retlcsl  error  la  small  and  the  pvacUca\  ert(«6  uft^WlgM*.      ■ 


108  EITQINSEB  FIELD  KAKUAL. 

Tbe  timltH  of  tbp  liiiiig:i^  tn  IliG  tolcsciipo  are  flicd  b;  tira  liori- 
zoQtnl  nlrua  in  the  riitlcle.  calJed  iitadiii  nlrps,  one  Bbove  and  noe 
below  tbe  middle  wlie.  and  at  nearly  eqnal  dlst^muos  Irom  it.  Tbe 
objvct  must  conventent  to  use  is  a  eradiiated  rod  beld  TertiFaiif. 
S|)fc[at  ijraduatlona  are  used,  presenting  a  v&riety  of  forma,  ho  tbat 
dlfferirnt  ualts  ma;  be  reoigiilzed  aa  far  as  tbe  rod  cnn  be  Been,  and 
so  also  tliut  small  readinea  Diay  be  lak(.>n  bj  estlmadnR  the  posltlaii 
of  thp  wlru  oa  a  dlatjotisl  line.     Very  man;  dllTereDt  forms  of  stadia 


a  proposed.  aiid'moBteiperienced  stadia  workers 


have  special  forms  which  they  consider  better  than  any  otber.     Fljjure 
80  BbowB  a  form  which  bus  received  wide  approval  and  may  safely  be 

tances,  even  thougb  tL_  , 

maker.      They   must   he  placid   an 

aemol  dlBtancos  determined  after . 

In  the  market  as  level  rods  are.  but  must  be  made  for  each  insti 
ment.  To  minimize  error  of  refracllon,  the  upper  wire  should  oe 
placed  on  the  primary  diTlslon  nearest  tbe  top  of  the  rod  and  tlie 
graduations  counted  downward.  Hods  Bhould  be  ot  llBht.  elralKbt- 
gralned,  well- sea  Boned  Wood,  12  to  14  feet  long,  G  inches  wide,  and 
I  Inch  thick,  dressed  smooth  all  aroucd.  and  covered  ivitb  two  coats 

To  KraduBtc  the  rod,  set  the  transit  up  over  a  point,  and  from 
Ih«  point  niessure  nil  a  dfstanee  in  round  hnndreds  ol  feet  bo  that 
at  that  distance  somewhat  more  than  bait  uf  tbe  rod  falls  between 
the  stadia  wires.  Set  the  top  wire  near  the  top  of  the  rod,  and 
liDve  tbe  point  wbere  eacli  wire  cnts  the  rod  carefully  markiHL 
Measuce  the  distance  between  the  extreme  marks  and  divide  it  by  the 
number  of  hundreds  of  feet  in  the  distance  ot  the  rod  from  the 
transit  point.  Tbe  result  Is  tbe  length  on  the  rod  corresponding  to 
100  feet.  Lay  tbis  dlstnncc  oil  on  tbe  rod,  beginning  near  the  top 
and  repeating  to  the  bottom.      Divide  each  100-(oot  space  according 


i  tbe  style  chosen,  and  mark  tbe  graduadoDs.      All  distances  read 
~  """la  rod,  escent  the  one  at  wblni  the  Icogth  ot  graduation  wa- 
,   will   be  slightly   in   error;    those   less,   too   amall;   and   thoB 


A  rod  may  be  so  graduated  sb  to  tie  practically  free  from  e 
Mark  the  zero  near  the  top  of  the  rod.     Set  the  rod  u"  -' 


leet,   bring   the    top   wire    to   the   sera,    and   marfi    the    hot 

" "be  rod  to  200  feet  and  repeat  the  operation.     Co_ 

s  of  lOO  feet  nntU  the  full  length  o(  the  rod  (nils 


li  of  the  marks  eorrcsponds  to  tbe  distance  at  whicli 
i  made,  aud  the  space  betweeu   It  and  the  nuit,  !     '"      


sponding  lOO-foot  interval.  The  100-toot  dlvlt-iona  are  not  wactly 
oi  equal  lebgtb.  and  each  must  be  divided  into  equal  parts  and 
inarked.     In  using  this  rod.  Ihetop  wire  must  be  always  at  the  top 


ol  the  rod,  and  tbe  same  end  of  the  rod  always  np.  or  i 
introduced.  For  long  distances  the  reading  from  the  lup  lu  luh 
middle  wire  may  lie  taken  and  multiplied  by  the  ratio  ot  the  full  to 
the  partial  Interval.  This  ratio  should  be  delermlned  with  eari^  and 
may  lie  utUiied  to  secure  a  reading  when  all  the  rod  can  not  be 
Been  and  wbleh  would  otherwise  be  lost. 

Tbe  slndla  is  used  la  conari.tiou  wjtb  a  trsuslt  with  vertical  limb, 
or  a  plane  table.  By  reading  a  stadia  rod  through  either  Instm- 
ment  and  noting  the  gradient  and  ozlmulh  ut  the  same  time,  a 
point  may  be  completely  d^'termlned  both  In  poflltion  and  elevation 
at  a  single  observation.  The  distance  measured  Is  alone  the  grn- 
dteut,  and  may  be  reduced  to  tbe  borliontal  it  desired,  by  Table  XII. 
Tbe  elevation  Is  obtained  [rora  Table  III.  Before  reading  the  ver- 
tical circle,  depress  the  telescope  until  the  middle  wire  Ib  on  a  rod 
Rraduation  at  the  same  distance  from  thu  bottom  that  the  telescope 
IB  above  tbe  station  or  the  ground. 

T/u-se  iDstractions  will  introduce  some  ^e  rod  is  aJways 

iic/d  rerttcal.     It  aiuuunCs  to  1  per  ccni  EWiee  tor  a  gra- 


vnnnakogic 
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will  I  e  bett  r  to  alta  h  a  i.ho  pointer  to  tlie  WJfl  perp*nillful  r  to 
Its  fa  e  and  at  a  out  th"  h  Ight  of  the  rod  bold  r  a  eye  1(  lUe 
rod  holdoF  tdaui  thli  iwliil  r  Bt  t)i«  Inxtnin  eot  when  tW  hlgbt  1b 
taktn  the  »d  will  alwuj.  be  perpendicular  to  ttic  lino  of  eight  and 
tbi*  method  of  reductliHi  explained  w  11  give  results  tree  from  this 

A  acalo  of  «  ual  parts    a"  a.  level  rod    a  a     b     used  Insteud  of  a 
soeciallv    Lraduifd  atadia       Tam   two  curoful       adinm  Bt    aav     100 
differ  DCf   Id   the   tnie    r  acllng   (or   100    feet 
lug      The  quotlBut  ta  a  f     tnr    bj   which  any 

re"MndinR"3ston  e'  L  p  i(  thp  naiUnEB  on  a  level  rod  are 
115  feet  for  100  for      >.    feet    then  2  29-115  ^^  114 

feet    th       rup   r  J  1    n         H      S-.  +     whUh   Is    the 

r  ductlun  tact  r  al     of  egu       parts  with   this 

teleHcope    multlrl  i  slauc       f  tb     wiali.  from   tha 

laBtrument  in  tUe 

106  BnK'ae  r  >■  I  I  1  In^  rumcnl  Is  abo  n  an  1  Its  parts 
ineipated  Id  fignre  82  To  u  e  It  net  up  SDd  to  UH  a  1^  cp  I  d  for 
the  transit    except  that    ns  there  li     ul     ne  lev  1    th     t  ope    aust 

be  turned  in  the  jllrrc  ion  t  oue  pa  r  of  leve  Ine  s  n  nd  le  ed 
and  th  □  turnwl  la  th     rtlrectlon  of  the  other  pair        f  1     gi  In 

Ibe  second  levellDg  mav    11  turb  the  flrBt    which  ahould  t     re  e=t    1 

iDt  adltwtmeut  To  111  the  InteEGection  of  tb  ro  s  wlr  b  Id 
the  Bits  of  the  teles  ope 

Lay  the  telescope  exactly  oQ  eome  definlle 
■■-"■  "■-  attached  If—  ' -—      " 


until  the  attached  Irvel  Is  on  top.  If  the  horlKiuital  wire  dow 
Huptare  above  ot  helow  the  point,  imive-lt  over  halt  the  space  bi-twecn 
Its  position  and  the  point  by  tbe-top  and  l)ottoai  rallde  Bcrewa  and 
the  othi^r  boll  b;  the  main  levelinc  Uiewa  or  the  iDstrament.  Re- 
yolve  the  teleacope  In  the  wyes  till  1%  la  again  In  the  first  position 
and  repeat  tile  operation  till  the  boiiBontai  wire  aelucr  aseenda  nor 
deaefiodB  when  the  telescope  Is  revolved  In  the  wyes.  A  almtlar 
process  adjuatn  tbe  vertical  wire. 

2d  lUljwatiDeMt.— To  make  tbe  a^  of  the  attached  level  parallel 
to  llie  nxia  ol  tbe  telescope : 

Clamp   tbe  level  -    turn    the  telMomc  In   the  wyes   until  It  comeg 

al  op  ra  in  leTe 

wlQi  er  an     tu 

E  T  m  m    dl 


iparniipieii 
Sd      d  nlat^  n 


■,Goo<^le 


BECOinlAISSAlICi;. 


OTtpp 


la' be'  Teah. 


ItA  Vt'    asd  a^in   level. 

--     -  "-    tabt  while  the 

. To  ao  ■i.-cQcalo    J 

troiiiently  tad  make    I 


The 


o  part^ 


_,  .  6t  feet  th 
nadoarloa  on  t 
ler  tendings  th^  i«.«<^>  ■> 
llie  rod  slid  up  on  the 
Bfole  on  the  aide  ot  th- 
_  ....  (root  part.  The  rod  _ 
'^  aDd  Itte  vemlers  rrad  to  one-  < 

made,  which  roll  t 
use.     They  may  ev( 

In  flsure  ~S.     Thei 

ilitmlaum  plntes  1  foot  Ion, 
.    ._..  —   _   iiujfj  {„  form 
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■    " point  should  be  as  nearly 

Wording  level  iioies  iB  la  the 


■.  iSi 

.:,„.„. 

^„, 

M„.:. 

M.M.iH 

j  H: 

NE.oornM  Main  and  T>v 

(lonur  of  Twelfth  Street 
Csnun-  of  Ttralfth  Elreol 
gnde. 

Hop  of  (Trade, 
at  totlom  ot 

oogW 


KECOKKAZSSAKCX. 

Add  the  B.  B.  to  the  oleration  of  thp  B.  M.  or  T.  P.  (or  the  : 
Bnbtract  the  F.  B.  from  the  H.  I,  tor  Ihe  elevBtion  ot  s  point. 


cheek,  the^-„I..?t_»n5'  B^  M._or  T^  P.plus  tHe  F.  1 


mlnue  the  B.  B.  Iron)  that  point,  equals  the  last  preeetUng  H.  1. 

108.  Tke  nvilant, — Tbifi  lustrunii?Dt  Is  sbovn  and  Ita  parts  Indi- 


cated   In   UgucKR   7- _... _  _    ,. — 

railed  the  pticlEel  sextiint,  and  Is  tbe  one  In  moat  general  ase  In 
the  milltHrj  sprrlce.  The  Larger  torm  (Qe.  S3)  bas  telescopes  ot  dlF- 
ferent  powers  and  also  a  telescope  tube  without  lenses  which  Is  nsed 
for  reconnalEBaace  work  at  short  ranees.  Tbe  pocket  seitsnt  haa  a 
telescope  for  use  In  astronomical  aha  lona-raose  terrestrial  work. 
For  ordioary  reconnaissance  and  surreylUK  tbe  pocket  sexianl  is  used 
without  the  telescope,  tbe  sight  being  taken  through  a  small  hole  in 
the  slide  which  closes  the  teleHcope  opening. 

The  ■djustmrntii  nrp  an  faUotFH  Far  tbe  Index  slain, 
place  the  Temli'r  at  about  30°  of  the  Umb  and  examine  the  arc  and  Its 
Image  In  the  Indei  glass.  It  the  arc  and  image  appear  continuona  the 
glass  is  In  adjastment.  If  the  Imago  appears  alK>ve  the  arc  tbe  mirror 
leabs  forward;  It  below.  It  leans  hackwarrt.  Adjust  with  screws  if 
provided,  or  with  elliis  of  paper  inserted  between  the  mirror  and  its 

For  tbe  horlaon  kIbbb,^ — Set  at  lero  and  obsetvc  a  well-dcSncd 
dlBtant  point,  uslog  the  telescope.  I(  the  direct  and  reflected  Images 
coincide,  the  horizon  Elasa  is  In  adjustment.  If  not,  adjust  It  onlil 
they  iJ".  or  It  that  can  not  be  conveniently  done,  move  the  arm  a 
short  distance  from  Eero  until  coincidence  occurs.  Read  the  vernier 
and  apply  that  readine  with  Its  proper  algn  to  all  angles  measured. 

If  the  Index  error  is  off  the  nrc.  that  is.  between  £ero  and  the  ead| 
It  Is  sddillve.     If  on  the  arc.  Hublractive. 

In  the  pocket  form  the  horizon  glass  oDly  la  adjustable.  To  ad- 
]D«t  the  potkel  nevtani,  select  a  distant  object  with  a  ctvarly 
defined  straight  outline.  Set  the  vernier  carefully  at  the  sero  o(  the 
arc  and  look  at  the  object  through  the  peephole  and  the  lower  portion 
of  the  horizon  glass.  Turn  tbe  sextant  about  the  lliip  of  sight  as  aa 
axis  until  the  atralght  line  appears  to  be  perpendicular  to  the  straight 
bottom  edge  of  tbe  horizon  glass.  If  the  loatrument  Js  not  perfectly 
adjusted  for  tills  position  the  stratght  line  of  the  ohsi-rvcd  object  will 
appear  broken.  In  which  ceae  uuBcrew  the  amalliT  milled  heail  of  the 
top  plate,  and.  uelng  Its  small  end  ax  a  key.  turn  the  single  adjusting 
Bcrew  in  the  cylindrical  snrface  while  looking  at  the  object  througn 
the  peep.     Tbe  part  of  the  Image  s> —  ■-  "- ' -'" '~ 


Ine  tbe  key  In  the  proper  direction  tbe  two  parta 
gethef.     Nest  tarn  the  sr"'--'  -■-      -  ""°  ------  ■-'-- 


t  BO'  »boi .       . 

,,.  __-B  broken  use  the  key 

._  ....„-.-,. — two  adjiietlog  screws  In  the  lop  plate 

while  looking  through  the  Instrument,  If  this  brlngii  tbe  two  parts 
nearer  In  Hue.  the  proper  screw  bas  been  selected ;  if  not  try  the  other 
one.  Then  tarn  the  two  adjuatlng  screws  In  the  top  pinfe  by  corre- 
sponding amounta  and  In  opposite  directions  aod  continue  turning 
tnem  alternately  till  the  straight  line  becomes  continuous.  Tht'  two 
screws  are  opposed  to  each  other,  and  care  must  be  taken  to  use  no 
consldernhle  force  and  to  always  unscrew  one  before  screwing  up  the 
other.  When  the  adjustment  U  complete  the  line  should  remain  coa- 
tlnuoua  and  atralght  while  the  seitant  Is  slowly  revolved  about  tbe 
line  ot  sight  If  the  Index  arm  !s  then  moved  hack  and  forth  by  turn- 
ing the  large  milled  head  tbe  rpflectlon  of  any  object  may  be  made  to 
pass  eisctui  over  that  object  as  seen  throngh  the  clear  glass. 

For  oAJnatlns  at  nltcbt,  screw  the  teleacope  in  place.  Full  Its 
inner  tube  well  out.  Remove  the  sunglass  from  the  eyepiece.  Focus 
the  telescope  on  a  bright  star  by  paahlog  In  the  tube  till  the  Image 
of  the  star  Is  clear.  Then,  by  turning  the  large  milled  head,  moke 
tbe  star's  AOected  Image  pass  through  the  Beld  of  view.  If  It  does 
not  pass  exactly  over  the  stationary  image  of  the  xtar,  adjust  the 
94346°— 17 T 
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borlioD  glass  wltb  Ibc  two  siTi^ws  In  the  top  plate  tUl  one  Imaea 
will  pans  ciactly  over  the  other.  Next  net  the  vernier  aceuratelj 
to  the  «ero  of  the  arc,  and  with  the  Hlngle  afljuatlog  acrew  in  the 
cfllndricBl  surfai^e  make  the  two  IniaaCH  appear  as  one.  The  luBtru- 
ment  Is  tben  completely  adjusted.  The  dasllgbt  method  Is  most 
eonvenient.  but  It  Is  well  to  teat  the  adjastment  by  the  star  method 
he  fore  BttemptlDg  to  do  any  astronomleHl  work. 

In  the  cylmdncal  surface  Just  below  the  i,ecu  degree  end  of  the 
are  are  two  projerflng  levers  which  muve  colored  gla.'iaea  to  be  uaed 
In  loobrlns  at  the  sun.      At  other   times   these  glasses  shnulil   be  d(- 

Eressed  tDTODgb  the  opening  In  tbe  bottom  plati;  by  first  sliding  th< 
rass  stud  in  the  piate  ana  then  pushing  the  two  levers.  The  tele- 
scope also  has  a  colored  Kunglaae  secured  on  the  eye  end  which  mnat 
be  ri'moved  when  obBerving  any  other  o^iect, 

lUO.  The  plue  tabic. — The  Instrument  is  slion'n  and  its  parts 
indicated  In  dgure  84. 

The  adjustmenta  are  anaiofons  to  those  of  the  transit,  tbe  table 
corresponding  to  the  limb  and  tbe  ruler  to  the  plate.  In  revolving 
the  plate  for  level  adjustment,  care  must  be  taken  to  have  it  cover 
tbe  sHme  part  of  the  table  in  both  positions  by  marking  two  comers 
on  tbe  paper,  Tbe  figure  shows  a  oeviee  for  plnmblne  any  point  on 
the  table  over  a  given  point  on  tbe  ground.     Except  for  very  close 

probable  uses  In  the  military  service  it  is  enough  to  place  tbe  corre- 
sponding part  of  the  drawing  over  the  stntlon  by  the  eye. 

IID.  The  loiTBTillini  of  s  nwnibfr  is  the  (.'Tponent  of  the  power 
to  which  a  certain  other  number,  called  the  base,  must  be  raiied  to 
produce  the  given  numlier.  The  base  uf  tlie  system  most  used,  called 
rannnnn  lOKArlthDia,  is  10. 

In  any  system— 

The  log.  of  a  product  eyuals  tbe  sum  of  tbe  loga.  of  the  taetora. 

The  lo«B.  of  a  quotient  equals  the  log.  of  the  dividend  mlnna  the  log. 
of  the  divisor ;  or  the  log.  of  a  common  fraction  equals  the  log.  of  tbe 
numerator  minus  the  log,  of  tbe  denominator. 

The  log.  of  1  la  0 :  aluce  tbe  log.  1— tbe  log.  '—the  log.  I— log. 
l-~0.  The  log,  of  a  power  of  a  number  equeis  the  log,  of  tbe  number 
multiplied  by  the  exponent  of  the  power.  The  log.  of  a  toot  of  a 
number  eqaals  the  log.  of  the  number  divided  by  the  Index  of  the  root^ 

The  flrat  prflperl?  sbove  la  ntllUed  In  the  construcIlOD  of 
the  tables,  Each  log.  is  the  aum  of  the  logs,  of  two  factors  of  whicb 
its  number  is  composed,  and  the  factors  may  be  so  chosen  that  the 
log.  of  one  Is  a  wbole  number,  railed  tbe  charaeteTlBtlc.  and  the 
log,  of  the  other  is  a  decimal  fraction,  cslled  the  innntliiBii..  Any 
number  may  be  resolved  into  two  taetors  one  ot  which  Is  the  number 
itself  with  the  decimal  point  after  tbe  first  eignlflcant  figure  and 
tlie  other  the  flgnre  1,  alone,  or  followed  or  preceded  by  one  or  more 

Thus;  3T60'-3,T6  X 1000      log.— S.STHIS 

STG— S.TQXIOO        log,— 2,GTS18 

87.6—8,76  x  10  lot^LCTBlS 

3,78—3.76  X 1  log.'=0.57518 

0.376—3.78X0.1  log.— T.57S18 

0.0378—8.70X0.01       log.— 2.07B1S 

0,00378—3.76x0.001     loi|.^3.S7S18 

The   loK.   of   Ihe   constant   factor,   3,75  In   the  abo'e   eiample.   I« 

always  a  poaltive  decimal  fraction,  and  is  called  Ihc  nianlJaBS.     The 

(Bflable  factor  In  the  third  Ci  ' 

iBltive   or    neaallve. 

,...    ..„..   of   nil   nunihcra   pr. „    „.    __ 

tlun  of  significant  Qgoies  have  the  same  maati!,sa  regHrdless  of  Ihe 
position  of  the  decimal  point.  I.OKi>rltIimto  tub  lea  contain 
mSiHtlaiiiaa   only,  since  the  characteristics  may   be   written    by  in- 

SectloD  and  mental  calculation.     To  this  rule  tables  of  logarithmic 
■calar  functions  are  an  esceptlon,  aa  will  be  explained  later.     It  Ua. 


positive   or    neeallve.      It   is   called 


./Google 


EHQEKXER  TIELII  HAinTAL. 

— u.>,.>r  I"  ™fc<il 

part,  or  on  the  left  at  the  aeclmal  point.  II  tbe  nnmb»  is  a 
ileelmal  fraction,  the  characteristic  of  Lts  log.  Is  np^attve,  snd  one 
givalEr  CUan  the  number  of  clphera  Immeaialely  followlnic  the 
declmiil  point.  See  example  preceding.  If  the  chsraelerlntle 
la  poBltli-e,  (tic  log.  la  a.  mlied  aumber.  and  may  he  treated  aa  such 
In  addition,  aiibtrai^rlon,  mill  rip] Icatlon,  and  dlTlsloD. 

It  the  chBrncterlatlc  ta  negative,  tlie  log.  la  not  a  true  mixed 
nomber,  and  special  treatment  la  necessary.  A  ni-^tlve  characti'rla- 
tle  mDT  be  eonaldered  ua  compnaed  of  two  numbers,  one  negative  and 
the  other  poaitive.  The  positive  number,  prefixed  to  the  maotlaea, 
forma  a  mliea  number  for  aritbmetlcal  bperaliona.  The  poaitive  and 
oegative  parts  may  be  simulianeoiialy  Inereaaed  numerically  by  the 
eame  number  vrlthout  altering  the  Tslue  of  the  log. 

3,4a81='5  +  0.42S1 
—1  +  1. ■1281 
— 5  +  2,42Sl,  etc. 
For  example,  to  multiply  tt26B  by  4. 


+  2.00fi0= 14.0000.  which  is  the  required  result. 
t  T.84a2  from  3.132!}— 1  +  1.132B. 

4  +  1.1320 

1  t  0.p432  • 


To  divide  2.236S  by  1.     2,2368—7+  B.23ea 


=  —1+0.7481-1.7481 


7  +  5,2: 
7 

In  thia  case  the  number  added  to  the  mlnue  character lattc  aliould  t» 
Just  enough  to  make  It  eiaetly  ilI'Mble  tiy  the  divisor. 

In  the  lo«a.  of  rlrcular  functiona  n  chara'^teriBtlc  Is  given  In  the 
tablea  which  is  larger  by  10  than  the  true  character! at Ic.  Theae  loga. 
may  he  used  by  the  above  rule  hy  pn'tlsing  10  to  each.  Thna  the 
log.  Bine  of  21  mln.  as  given  lu  the  table— 7.7 S691.  The  true  log,  la 
lis  +7,T8594.  or  3.78504.  Those  who  arc  familiar  with  the  uae  of 
these  logs,  perform  the  operation  on  the  TQ  menCally.  The  Ineiperi- 
enced  will  do  well  to  write  them  out  In  full. 

'ii    BsplBDBtlan  of  tbe  table.— Table  XIIl  glvea  to  lire  decl- 
—  .V 1 —  _. ,, —  . j)  ti,  ggg  directly  and  hj 

1   of   the    logH.    of   the 

_.._    ._„. _.„.    ._    )   plUB   the   log,   of    1.323— 

«.876Ue  +  0.1215n=4.»nfl02.  Or  convert  the  number  Into  a  mixed 
number  lesa  than  1000  and  And  Ita  log.  Thus  log.  9n2.25— nH3  +  { 
dUr.  between  0112  and  00:t>»9eil<12,  which  is  the  mantlsaa  for  00225. 
In  the  table  the  logs,  of  2  to  0  inclusive  are  found  at  the  tops  of 
the  colamus.  For  numbers  ahove  10,  the  flmt  two  figures  are  In  tha 
first  column,  the  Ihird  at  the  tops  of  the  columns,  and  the  foarth  la 
Interpolated.  The  right-hand  column  eontalna  the  average  dlfrerence 
In   each   line  between   logs.    Id   snccesaive  columna.      For  the   fourth 

tiace  multiply  A  of  the  difference  on  the  sami-  line  by  the  fourth 
gure  and  add  tbe  product  to  the  log.  of  the  flrat  three  figures. 
Tins: 

To  And  the  log.  of  4827.  loofc  for  48  In  the  left-haDd  column  :  follow 
the  line  to  the  column  headed  2  and  take  out  the  mantissa  .08304 
for  the  number  482.  In  tbe  right-hand  rolnnin  on  the  same  line  la 
*c-  .... on   ^  o(  which,  B,  mnltlplied  by  the  fourth  figure  7.  — 


BEC0TTITAI83ANCE. 


mantlBHii  of  482  T— 


t&Ird  figure  froLQ  tl 


tbe  DUEDber.     HPDce  tb?  cnitiplete  log. 


It  tn  the  uolnmn  for  the  n 
-  jrivapondlns   lo  any  I 

from  tbe  table  by  the  Inverse  process.     It  the 

left  of  the  line,  followed  by  the  i 
exact  log,  la  not  in  Ih"  tjiMn.  n 
the  three  flgnreB  for 

log.  and  the  one   fouii-   ._ 

dift.  by  A   the  (ahnlated  fllH.  on  the  line.     Write  . 
for  the  foorth  QRure  of  the  required  nnmher. 

Thus  to   And   the   number  eorrespoadlnK  to_^  1 .49C3a._    Thla  1; 


md  4aB54  ls-74,  ■ 


>  4S.M)4.     The  ditfereoee  betneea 

._,  whleh,  (fmaed  by  14  or  A,   of  the  tabulated 

aiit.  liis  on  ine  rlsht  of  the  line.  nWes  a.  quotient  of  6  +  to  be  get 
down  as  the  fourth  figure.  Uenee  the  number  required  Ih  0.31.15, 
since  the  cliarHctvrlstlr;  la  1,  and  therefore  the  slgnlQcant  Sgurea  ara 


.mediaFely  after  the  decimal  polDt. 
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30371318 
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10.0530 
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Dflnd  thf 

■nith  tiie  litttrnat 
etr   IS  ina  opaireq  loot 
ir  (h«  cube  root  at  a  similar  numbs    multiplT  > 

iltiyli  1  1"'  tU  ieBiift~B  5Si,  which  found  In  cQlumQ  of 
v  U  11  It  III  ilie  ciilumn  of  numbers  Movlnc  the  Jeclmal 
one  ill  It  lu  Lli  left  to  corrPBpciTiii  with  IhP  miiiripllCHtlon  bj 
kU   s  it       I     Ireil  BQUure         i    i      th     n  it  ;  1 1  e  of  deti 

flul  bLUrp  orir  mtt   t"  oniT      -^  1  MlOO     the 


»h1ch  louBd  in  the  coliimu  ot  mhei  i&  oj  i  siti  tl  o  Dum>.r  1"  Jn  the 
firat  t^olunin  MotIde  the  declmni  polot  ouu  plam  t^  Cbe  Left  ta 
correHpond  to  the  miiItl|iUcat1nn  by  ICHK)  gives  IT  wbiph  ta  the  c"- 
uulrea  cube  root  to  one  decimal  place  Again,  multiplying  by 
1000  000  eItcb  5  240  000  which  round  in  the  oolumn  of  cubes  la 
iippoaile  the  nnmber  174  In  the  column  of  numbers  Moving  the 
decimal  point  two  places  to  the  left  to  correspond  with  the  multl 
plication  by  1  000  OOO  j.1ves  the  number  174  nblch  is  the  desired 
cube  foot  correct  to  two  places  nf  deLiiaals 

TO  Ond  the  aqnarp  rnol  <r  cube  root  ot  a  nomber  grrater 
than  1  000  find  tbe  oearest  number  In  the  column  of  squares  or 
cubes  iind  take  the  cor  responding  number  in  the  Srat  column  nhlch 
will  l)e  correct  tor  the  a  imber  of  fljurea  It  contains 

For  tbe  foarlb  root  take  the  ^uare  root  of  the  sqiure  rooL 
ror  the  ilxttt  root,  the  eauare  root  of  tbe  oube  root  or  the  cube 
loot  of  tbe  square  mot  Hlsber  roola,  the  indices  of  nhich  lan  be 
factored  In  t  a  and  2  e   mtt  be  token  in  the  same  »ny 

IIT  Clreular  fnBP<loBB — Thise  mist  used  are  shown  jn^pht- 
cally  In  fleure  S5  They  bear  a  deflnite  relttlon  to  the  mdlus  n(  k 
chicle  In  whlrh  tliey  are  drawn  When  the  radius  Is  unlB;  faactioDS 
are  called  nalnml  ns  nst  sine  nat  tangent  etc  Their  values 
are  ghen  in  Table  \\I  for  eaih  10  of  arc  The  tsbuiated  values  ars 
ratios  of  the  several  funLtlona  to  Ibe  radium  and  If  any  length  ei 
pressed  in  any  unit,  considered  as  a  radius  1«  multiplied  by  a  tabulae 
numtwr  the  result  will  be  the  coi  rospondlng  function  of  the  circle 
ot  the  given  radius  Tbe  UMe  giiea  voluea  from  0  to  SO  For 
greater  angles  use  the  following  relations  Subtract  the  giv  a  angle 
from  180°  or  300°  or  subtract  I'iO  from  the  angle,  as  may  be  re- 
quired to  leaTe  a  remainder  (f  Bfl°  or  less  Take  out  the  required 
function  of  the  remainder    which  is  also  that  of  tbe  given  angle 

Interpolation  for  values  not  In  the  table  may  l>e  done  npprojilmatrty 
by  Inking  the  pronnrtlon  il  nmount  of  the  difference  between  two  eon 
aecutlre  values  Thus  tor  the  sine  oi  28  43  take  the  sine  of  ^8° 
40   plus  A  of  tbe  difference  betwwn  sine  SS°  40   and  cine  2S'  BO 
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10 

0203008 

«.  10388 
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20 
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40 

30 

30 
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:  029097 
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9996770 
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2 

00 

0348995 
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30 
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20 
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so 
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£ 
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Table  XVI— Katnral  Slnca  and  Tunscots— Contll 
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.140H0 

7.U5389 
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.  4493)9 
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10 
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40 

30 
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30 
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10    00 

.17364S2 
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so 

.17B374S 

S-4S4SOS 
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20 

50 

: 1879528 

: 191383 
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9K17aj 

10 
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5.H4K4 
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30 

.1993879 
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9799a47 
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Mmn 
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40 
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9868T46 

10 
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20 
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.M631R6 

;B*3e085 
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.424474 
iiSlSS? 
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PI.      Its 

BCCE     It     is 

8.14]nB,  whk-h  equals  .r  nearly.     Ul-  i  equa 

rilHm.  X  8.14159  — elrc. 

IHnni.  X  n.8H8a7T  —  ilde  of  iflimre  of  e. 

niaui.  X  0.  70T1  =  Hide  of  ItiBJiibcd  squ 

y.  tD-  — 0.7854  X  D-^Area  ot  Ibe  i. 

j-eii. 

irr'— 8.mB  X  r>— Aren  of:  1*6- piri'lp 

ICOglll   of  Hit  HIV  of   d" 

=.wBiy.  0.01 

7*Ga. 

.  K»amnl*;   If   Ihp   radiiiB  1«!542   H„ -the  Irnglh  o 
**"—  1S°.B3  X  542  X  0.01T4&3  =  IflS.G  ft. 
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]«is  Uuu  M" ;  obtBSt--aiisled,  viMa  m*-  usk  it  );r#sitcr  ttiiui  S 

The   sum   of  the   nn^ps   of  anj  trtin^e  Is   ISO".     The   rides   an 
directly  proportluDal  lo  thp  i^iliei  of  the  opposlie  anglfs.  Ihp  srealcat 
BEul  ieasi  side^  o(i[>wilCe  Itae  greatest  aad  lea^I  angles. 
Fonnslas  for  the  Etiutiiui  of  piano  iii«iiel«g.  tFU-  SS  t 
Gireo  2  fiifs.  as  a  iiitd  b,  and  an  angle  opposite  to  oae  of  thcM, 


TED  2  iDglcs  as  ^  and  B  and  the  iaidodMl  aidr  r.  Iha  ■ 

Ten  2  sides  a[  o  and  b,  bihI  Ibc  hit'LudtHl  anglu  C. 


,     ,    A        US~b}fS-t). 


For  every  rlKht-Hnglrd  frlsnctv' lUc  sloe  Of't'lie  rlifht  a^V  U  1 
and  ihi'^  ftdlofflnij  r^^uUons  ci;biiU  ^  Ttte  Bide  pppoalle  lut  Hght  ancle 


hrpothenase   (dj.  ( 


Bi-poihoniiie— a— c* 


:J|y 


The  area  of  a  triangle  equals  any  Bide  iDUltlpliPd  by  one-half  the 
pprpenrllcular  dlBtaace  troio  Ibat  aide  to  the  opposite!  anele.      If  tbc 

CeriwDcllculBr  frnia  Ibe  aiiKli?  does  nut  lutpreect  the  oppoalte  side,  pro- 
iDg  the  Bide  but  do  not  Include  the  prolongatlou  In  Its  leniith  for  cam- 
putlns  the  area.  All  trlHDgleB  which  have  a  common  side  and  their 
opposite  ahglea  In  a  atralgbt  line  parallel  to  the  coQimon  aide  are  eQiial 


n  each  angle  to  the  mldiJIe  of  the  opposite  Bide  In 
in  point  which  ia  the  center  of  graTlty  of  the  tri 
part  of  each  llnp  la  onc-balf  the  longer  Iflg.  88). 


juigle.     The  ehor ,__. „. 

A  line  Joining  the  middle  points  of  two  sidea  la  parallel  to  tbe  third 
Hide  snil  one-half  itH  lengtb.  In  Bgure  SS  tbe  line  et.  Joining  tbe  mid- 
dle points  of  ab  and  be.  Is  parallel  to  ao  and  one-half  Its  length.  Linea 
Joining  ea  and  fg  would  he  parallel  to  ab  and  be  and  bait  their  length, 


—  ._  „,    , ^Ing  sides  of  a  similar  triangle  arr  known  tba 

other  corresponding  side  may  he  determined.  The  sliopleat  test  of 
slmlJar  triangles  la  that  tbeir  corresponding  sides  are  parallel  or  per- 

Seniiicular,  The  principle  of  similar  irlaBgles  Is  of  great  utility  In 
eld  geometry. 

Till!  Ride  of  ■  Hanape  eqoalB  the  diameter  of  an  Inscribed  circle ; 
or  the  diameter  of  a  clrcumacrlbed  circle   X   O.TOTl.     Tbe  diagonal  of 

.    ..    ""        ,      "     .  IE-half  the  anm  of  the  par- 
4  multiplied  by  the  distance  between  them.  ef. 
. —      _.  • —   ,,a-j  parallel— (Hg.   ROI    enaals 

'The  side  of  k  hexnRon  eQUnJa  the  radius  of  a  clrcumacrlbed 
circle.     The  area  equals  tJie  square  of  one  side   x   3,5BB.     The  Bide  of 

area  equals  the  aquare  of  one  aide   X   4.S2SB. 

To  fifaw  MD  nftasrnn  In  a  ■qiure  (lig.  Bl). — From  each  corner 
with  a  radius  equal  to  nae-balt  tbe  diagonal  deacritie  area  as  Bhown. 
Join  the  pointa  at  which  they  cut  the  aides.  If  a  aquare  stick  be 
acrlhed  at  a  distance  from  each  corner  equal  to  0,3  the  aide  of  the 
square  and  the  corners  cltnmfered  to  the  marks  the  resulting  section 
will  be  nearly  a  tnie  octagon. 

121.  Geometrical  eonHtmetionH. — To  divide  a  straight  line 
Into  any  number  of  equal  parCa..  From  one  end  of  the  Uoe  draw 
another,  making  anv  conrenli-nt  angle  with  it.  as  10°  or  20°.  On  this 
auxiliary  line  lay  off  any  assumed  distance  as  many  times  as  the  num- 
ber of  egaal  parts  desired.  Join  tbe  laat  polol  ao  determined  with  the 
end  of  the  drat  line,  Tbrouab  each  of  the  points  marked  on  tbe  aui- 
... ....  J .. ■{...   .g  the  Une  Joining_^tbe  _ends.  ^  The»- 

,      penSieular  from'a  _ 
pointa  equidistant  from  the  given  point    |fl: 

centers  and  a  radlua  greater  than  their  dlaii _  _.._  „.   __  , 

describe  area  on  eacb  aide  of  the  line.  Connect  one  InteraecHon  witb 
the  given  polDt  by  a  atralgbt  line,  which  Is  tbe  perpendicular  required. 
As  a  check  on  accuracy,  note  whether  the  line  passes  through  the 
other  Intersection. 

If  the  giTon  point  Is  at  one  end  of  the  line,  from  a  conTenlent  point 
o  outside  the  line  describe  a  aemldrcle  paaalng  through  the  glTcn  point 
and  cutting  tbe  line  aitala  aa  et  A  (llg.  OS).     Draw  a  straight  line  bo 

■bmagh  the  center  to  tbe  arc  on  the  other  aide  aa  at  d.     The  line  do 

'  tbe  perpendlailMT  required. 


(/".oc^lc  I 
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122.  Arcnk  u. 
rimilar  trtanglea 
ppndlculars  Irom  i 


IiroHrtWC  fTBtD  JUKTAL. 

point  to  let  tall  a  perjiondlfuLar  lo  n  glTcn  llnp.  From 
(Ok.  94)  describe  an  are  cutting  tbe  Tine  twice.     Wltb 

^tloa  H  Bcrpendlculsr     "  "   

ot  the  line  hetween   . 

(,  which  Is  the  pecpendlruiar  ra- 

4rcle  pasaing  through  tbiee  given  points:  Join  the 
eg,  BB  ab  and  be  Ifig.  93)  and  canatrUct  a  blsectlne 
each.     The  perpendicolarB  ]nterfie<^  at  the  center  <^ 

B   the   sqaarea  of   corresponding  Bides,   or  ot  per- 
jrreBpondlai:  naKlen  to  uppoBite  Bldee.  etc 
each  other  as  the  ttquares  of  the  i<ldea  or  iliago- 


regular  polygona 


s  ot  (hjubI  arcs, 

I.  Spbrrpa    and    *nl>*B.— The    surface 

34  r^— >3.141A  d^— 0.31S3  clrc.  squared^ 


'■^SlilVii 


cube,  an  edge,  s  dlagoDSl  of  e  Bide,  or 

dlaeoDnl  of  a  culip^the  edsp  X  1.7:121. 

124.  Gi        ■■      -  "■        --■ 


I  ang^B  a)   

a  diagonal  at  Ibe  cube. 


'Bponding 


.--ivItetlpDi — The  earth's  attraction  is  meaBured  b 
1  the  1 

t  ff  any  body  JB  failing"  freely  ii»y ___ 

of  an;  second  of  time  la  :i2.0n2  trrt  per  second  greater  than  b1  the 
beginning  of  that  neeond.  If  Ibe  body  ntarta  trom  rest.  Its  velocitjr 
'  "      ■  ■        ■"  "      ~"      "   "        "  '     1  tho  first  second  is  g.     The 

itant  equals  g  multlplleil  by 
'eD  falling.  This  relation  Is 
r  niodiTnte  helghiB  is  r.'arly 


The 


D  air. 


following  table : 


vsrie 


be  body  hiis 
un  only,  but 

Hllgbtly  with  the  latitude 


e  of  eaHb  in  diCferea 


Value  olff, 

..,».... 

^^i'' 

32.  W 
B2.1 

9o'fc:;;;i::::::::::; 
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126.  The  value  of  v  varlea  also  with  the  dlitktlM  from  the  center 
of  the  earth;  or  the  distance  above  or  below  the  Bqrttee,  dlmlnlahlnE 
Id  both  rases.  This  diminution  1b  approzlmatelT  0.016  (eet  lor  eacQ 
mile  above  the  HurlHce  and  0.008  feet  for  eaeh  mile  below. 

12T.  The  fundamental  law  of  motion  of  tailing  bodies  la  r>— 20k, 
In  which  r^the  velocity  at  any  point  In  (eet  per  second ;  K  the  oIh- 
tance  through  which  the  body  has  (alien  from  rest  to  the  given  In- 

Aa'o=-[rt,  h— Krt'=-]6t".     These  relations  are  strictly  true  only  In 


and  n  the  number  i 
tlon  or  the  dlstanc 
■notion,  and  c=lbe 
then  c^O. 00034 (cm*. 
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PART  II— BRIDGES. 


o  lie  built  depeadB  upon  the  looif,  the 
«  materials  available.     Time  is  of  prime 


-J   the    coDHtructton    of    bridjK-B   for    __.^,    

-and   tbe   prnp«r   dlgtrlbutiOD   of  tKB   lud   materlBl    la   do    tbe    work 
quickly  muBt  bv  mad?. 

2,  IioadB. — LoadB  are  clasBified  bb  dead  or  stationary  and  (Ice  or 
moriDg.  rienerallv  apeakln};,  the  former  Ib  tbe  welebt  o(  the  bridge 
Itself  and  the  latter  the  weight  of  tbe  traffic  over  It.  Loads  are 
'usually  Btated  !□  pounds  per  iqanplodt  for  hlghvny  and  per  llufar 
foot  tor  mlUtaiy  and  ra11i?a;  TiiiOg^S.  Some  loads  of  military  brldces 
are  as  follows,  all  In  poundu  per  linear  tool :  Infantry.  sIdbIc  flip, 
140;  infantrr,  column  of  twoa.  280:  Infantry,  column  of  foura,  660: 
ctiTslry  In  single  die,  lOS;  cavnlry  la  colomnii  of  twos.  vtQ2.  Infantry 
Id  heavy  marcbln^  order  average  200  pounds  per  man  :  when  un- 
armed 160  jtonnds.  When  crowded  tn  a  mass  tbey  muy  weigh  133 
potmde  per  •qnare  toot  of  stuidlng  rmdl 
IH 


j,q,i,z.:d=,GoogIe 
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BBIDQES.  in 

The  weigbt  to  be  added  to  the  aboFe  Bgaren,  ]t  t-wa  wbeela  are 
equipped  wUh  shoes,  raiigifs  from  ilOO  pounda  for  the  4.7-lncli  gun  to 
a.OOO  pounda  tor  tho  13-iiich  howltier. 

The  45-boraepower  caterpillHr  tractor  teatattvel;  adopted  for  trac- 
tion ot  the  4.7-lni;h.  e-lD«h,  7.a-lnch,  aod  9.6-lnch  guns  and  howitzers 
weighs  about  16,000  pouada,  is  13  feet  long  uviT  all.  has  two  tracks 
OAch  13  Inches  wide  and  6  feet  S  Inches  In  length  of  hearing  surface, 
the  tracks  being  5  feet  II  Inches  center   to  center.      If   later  found 

f^^j  tracks  of  width  up  to  30  Inches  may  be  provided. 

:    fS-horaepower    caterpillar    tractor    for    the    lainch    howltier 
B  about  2S,000  pounds. 

Irtdireii  tar  lEenerKl  Foad  trafflc, — The  dend  load  Is  the 
Estimate  quautitles  of  the  dltferent 
vi'ighta  from  the  tatilea  following. 


the  correflpundtng  load, 

5.  nallrond  brlitKeB.—The  dcnd  toad  is  computed  at)  before.  To 
save  time  the  floor,  ranelstlng  of  rails,  ties,  and  guard  timbers  onl;, 
maj  be  rakea  at  400  pnitnda  per  linear  foot  of  track. 

The  Hie  lood  on  each  track,  supposed  to  be  moving  In  either  dlro^ 
tlon.  may  be  assumed  at  6.000  pounds  per  linear  fool  of  track,  W 
^n.ooQ  pounds  on  each  of  two  pairs  of  driving  wheels  71  feet  cent^ 

a,  site'— Favorable  conditions  are  narrowness  of  Btream ;  aUble 
banks  of  equal  height ;  hard  hut  p.-netrahlp  bottom ;  moderate  depth 
and  current ;  permanent  water  lerel ;  and  absence  of  navigHtion. 

7.  MeuDpement  ot  nldtli  will  be  done  directly  b.v  use  of  tape, 
wire,  or  line,  If  practtcabh'.  Boats  or  Boats  may  be  used  to  inivoit 
a  long  line.      Otherwise,    by   intersectlonB    (see  Topographical    recon- 

8,  Strenntb    of    iraaden    tacanm, — For    cmshlng,    tenallo,    and 

,i,.__i . ,<,    -luitlply  the  cross  section  In  aquare  Inches  by  the 

"'-    tl.      Tho   result   will   he  the  ulC '- — '- 


unit  BtreBBPS  .„    ^   

strength   In  pounds.^    T*".'?  divided  by  the   adopted   faotor  o(  sate 

the  tabli 


L  In  pounds.  This  divided  by  the  adopted  faotor  o(  safety 
^-  ._  --le  safe  tensile  load  la  pounds.  From  this  the  craahlag  and 
nhearlnt:  gtrengths  are  derived  by  applying  the  percentages  given  Id 


..  _   _   ...;   Bfren/jfJi.— Multiply   breadlb   of   cross   aeotlon   by 

sqnare  o[  depth  ;  divide  by  three-fourths  ot  the  length  between  roo- 
ports.  all  In  Inches ;  multiply  by  factor  In  column  2,  Table  II.  The 
result  wfli  be  the  breiking  load  la  pounda  applied  uniformly,  or 
twice  the  breaking  load  applied  at  ceiijcr  of  span.  The  lafe  load  Is 
—  fourth  to  onp-alith  of  the  shove,  depending  upon  the  Importance 

the  Mraeture.   Us   temporarj'   or   pern •   -*■ ■■■    — '   *'" 

™,miit  of  vibration  probably  caused  hy  t 
renktng  load   lo  maximum   actual    load  !i 


load  Is  appiu 


eadlh   of  a  rectangulHr  cross  section  is  the  face  to  which  a 


tenths  the  IransversE'  strength   of  a  square 
With  breadth  and  depth  equal  to  Its  mi'"     " -- 
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\>rti^u  iiuiiitfr  ua»  'ii^iiuL  ^if  jii-r  iii-Eii  lot*  btri-ngth  than  tllSt  auuw 
In  llie  usual  Tables,  and  thu  factor  of  Hatetj  mfly  be  Incttfaaea  H 
cotdlngly.  Table  III.  U8r?c]  tor  K't^eo  tloiliiT,  jrives  tbe  factor  . 
safety  4  lostead  of  5,  wblcb  will  usuiill;  be  sufflcleDt. 
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C(Ki<^le 


16.  'Worlclac  load  In  paunda  of  pllUira  of  balf-ieaBoned  frbUe  oi 

common    jMlow    pine,    flrmly    flxpd    nnd    pqually    ]—*-"■    >- ■•    — 

rocmulu  ot  C.  Sbalcr  3rollh,  C.  E.,  wltb  (.  s.  of  5 ; 


oaltfS :    bMscd    on 
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54,GSa 
40,9110 

gg 

23,3S0 

aloM 
^»;7so 

130,880 

ill 

ill 

28,253 

19,4(0 

;lb<T».  no  mrillr 
The  (a 


in  tA{«  talil«. 

ot  tafetff  of  timlier  agaiaat  cruahino  ahonld  be  B  ti 
"  "'"    "  " ""  -~'  '  '"  6  (or  tempurary  oneB. 


eet  of  Iron  bctwt 
8*848'"— 17- 


loy  be  reduced  by  imerposlns 


1  the  end  of  tht 


mamfimm 


22.  ATerage  ultimate  tensile  streiistb  In  poundi  per  squar 
TtrbHii  nulals: 

Brail  wire,  uuaanealed  or  bard 

Braai  wire,  annealed 

Copper    boltl 

Copper  wire,  bard 


Phoiphor-broiue  wire,   hard^. 

I'boapbor- bronze   r'—    

Bteel  wire,  aofi  — 
Hteel  wire,  medium 

HtMl  wire,  liiinl.. 


FASTENING  HATBBIAL8. 

23.  Rope  Kod  wire. — Macb  caotDBlon  la  dLDaed  b;  two  methods 
111  miiimoii  iiie  to  denote  (be  size  ot  rope.  In  mariDe  use  It  la  Indi- 
I'liti'd  Ijy  tlie  clrcnmrereDce  In  Inchel  i  on  land  tbe  practice  Is  not 
iiiilfiiriii,    Init   tbe  use  ot  the  diameter  In   Inches  is   prevnlent.      Tbe 

luci,    Tbe  *ame  rop«  u  called  3-lnch  or  1-lnch  by  the  two  ayatemg. 


J.,g,l,;.d.,C00gIC 


BRIDGES.                                             ISi 

It  Is  prnetlcaliy 

Tbe  Btrength  of  hemp  aod  Jute  rope  Tarles :  pleeoe  from  tbe  some 

mil  differ  as  ma 

h  BB  25  per  cent.     Rope  made  from  mBnIla  hemp  Is 

hemp,  aisai.   and  Jute   ropea  are  very   nureHahle  In 

strenum!     Tarrin 

g  I'ope  iDcreBses  its  weight  and  leEseuE  its  strength, 
durability.     Use  Bnd  exposure  wetiHen   rope  20  per 

but  adds  to  Its 

cent  to  no  per  c 

Dt  In  a  lew  months.     Ropes  shorten  when  wet  and 

leDSthea  when  d 

'■           „..,.                                i 

... 

D.»en..„ 

e: 

Weight  In 

BrealdnK 

^^^i- 

I'lamf 

ler. 

ferenee" 

^ToStr 

^S™" 

,^,^ 

lyKha. 

PMtnrf-. 

Pmadf. 

It 

1,600 

250-      800 

^730 

80 

2) 

a 

4,301) 

600- 2;  000 

ea 

21 

3i 

l^SOO-B^OOO 

*i 

ei 

is;  000 

2,000-6,500 

S9 

6 

82 
BB 

IB,  400 
22,000 

2,SQ0-  8,000 
3  000-10  000 

8,600-11,600 

: 

4 

29]  100 

4,000-13,000 

IZi 

Iffl 

32,700 

4,600-16,000 

2.39 

14 

38,300 

6;ooo-i8;ooo 

Up 

0  a  I 

Che 

eircumfe 

ence  r 

pe 

U  madp  I 

n  eolls  ot  1,2 

W  leet 

19-wire  rope  with  hemp  center  U  better  adapted  to  power  transmis- 
BlOD  ;  the  T-wIre  rope  Is  ubgiI  for  standing  rlggtne.  as  derrick  guya 
and  other  purposes  where  (reqopnt  bending  is  not  iDTOlred. 

The  go/e  load  on  wire  ropes  Is  from  one-flfth  to  Dne-Beventh  of  the 


.Coo<^lt 


4 


IM  EKOIKEEB  FIELD  HAKUAL. 


,;i 


W  H 


Flg.l  Fi0,2  FlB.3  FlaJr      Fig.6        FIg.S 


FiB.8  F'H-9 


Fig  10  Fig  11  Rg  12  Fifl.t  3 


12 


Coo<^lc 


so.  Sise,  wctKlit.  and  a 

ftntliorlij,  TrentoD  Iron  '- 
those  ot  the  Trenton  Iroi 
British  W  Eauge  " 


No. 

Dimneter. 

Unearleet 

"S' 

13 

0.1900 
.1750 

iioso 

37.340 
34.219 

2,176 
MM 

i;507 

'^!8 

If  the  quality  at  the  wire  ta  not  known,  the  tensile  gtienstli  In 
the  table  ahonld  be  reducer!  15  per  oont.  For  Bolt  Besaemer  ateel 
Wire  they  may  be  Increased  10  per  cent. 

Wire  should  alwaja  be  taken  from  the  ovtitde  of  the  coll  by  placing 
the  eoil  on  an  Bile  or  rod  and  walking  away  with  the  end  or  by 
holding  the  outer  end  and  rolliag  the  coll  along  the  grauod. 

31.  Clialna  are  designated  by  the  diameter  of  the  rod  from  whtcll 
the  links  ace  made,  as  I  Inch.  1  Inch,  etc. 

Also  by  tbe  form  ot  the  link,  as  cluae  linji.  In  which  one  Unli  Is 
Jnst  large  eDoagb  to  inclose  the  two  adjacent  ones  (Ilg.  8|  :  open  Mb*, 
in  which  the  link  Is  larger  than  In  close  link  (flg.  7):  bar  chain, 
wbich  consists  uf  open  links  with  a  bar  across  the  middle  of  each ; 
and  t}risted  link  {Ag.  9>,  Id  wblch  each  link  1»  twisted  tbruush  a 
certain, anule.  usually  B0=,  and  stratghl  or  Jlat  link   (flga.  7  and  8), 


which 


t,  the  la 
Table  XI!I. 
iFeDBTtfa    I 


t  used. 


BlMof 

Wfilght^ 

Braking 
strata. 

?S.' 

Weight 
per  loot.  ■ 

Breakhig 

laciet. 

Poandt. 
L7 

Pound.. 

If 

i! 

P-mnd>. 
ZL7 

Poanda. 
37,632 
49,280 

as 

105.280 

Open  link  will  weigh  leSJi. 


ENQINEEB  FIELD  MANUAL. 


morti,   Htwl   rounded,   with 


fable,  t. 


Lay  the  free  end  of  the  wire  along  the  rope  from  the  potilt  it,  . 
whi^fe  tbe  aerrlni^  1b  to  end,  to  the  point  G,  whore  it  IB  to  begtik ; 
make  a  Bbort  bent  at  the  latter  and  pasa  the  wire  twice  around  tbe 
rope  over  the  straight  part,  iiRif  around  tbe  bar,  around  tbe  rope  In 
the  opposite  direction,  and  place  tbe  coll  between  the  plna.  as  shown. 
Rotate  tbe  bar  arotiQd  tbe  rope,  keeping  the  following  turna  doae  to- 
jrpther  and  the  leading  turn  as  tant  oh  may  be  necessary  to  get  the 
proper  tenalon.     When  tbe  following  turn  baa  reached  B,  cot  oft  the 


t  It*  ecd  with  tbe  end  ef  ttw  straight  wire,  coming  o 


wire  and  ti. 

from  under  the  t\ 

34.  DrifthoUi,  aplkes,  nalig,  and  wooden  pint  or  treenaijg  are  naed 
for  fastening  together  parts  of  wooden  (rames  or  structures.  For 
drlftbolta  and  tre«nalls,  a  hole  Is  fimt  bored  of  Bltshtly  less,  diameter 
than  the  bolt  or  pin.  Fastealu)^  of  thla  sort  depend  upon  friction  la 
hold  together  t&e  parts  that  arc  Joined.  VJeaign  Joints  to  avoid  as  far 
as  poSHlble  a  heavy  aheartng  stresa  on  the  fBatenlQiiS. 

DrlftbollB  are  Iron  barn  of  anuare  or  circular  cross  section,  headed 
more  or  lean  at  oue  ena  and  bluatlv  pointed  at  the  other.  The  head 
Ib  often  omitted,  as  a  small  one  la  made  in  driving.  All  bolts,  splbea. 
and  nails  should  be  of  anch  length  that  when  driven  the  poUt  wUl 
rest  In  solid  wood. 


35.  Illmrnal 


Square  sectioD  side. 

Round  aeoli™,        1 

Itach. 

liniju 

iioch. 

1  hich. 

22 

Foundj. 

Poandi. 

*      6. 
B. 
6. 

'■■', 

1-6.8 

.  Wood    Jiilntf    mnv    alw      e    Becnred   with    screw    In 
rcio  holtn  are  of  r     nd  Iron  with  Bqnarc  heads  forged 


BQiiBre,   with  a  thi  lineHu   equal   tu 

aide    eiinal    to    twl'e    the    dlametci        _..  .  . 

placed  under  tbe  nnt  and  under  tbe  bead  nlso  _ 

Lao    vcrmet    ai      large    (rfmlet  pointed    wood    ( 


NulB    ahould    1 


rew  flrlTer,     The 


he  bored  the  full  site  of  the  abn 
n  Her,  at  i  lis  total  length  aomea 


fk 


3' 

DiamMer. 

ilndb. 

-■ 

ilneh. 

I  inch. 

llnch. 

Incite,. 

B 

20 
21 

1 

!7o 
.sa 

.93 

Pcmn«j. 

lis* 
l.« 

1.53 
1.  2 

11 

2!  OS 

/■oanA'. 

Pounij. 

JMHrf*. 

2!» 

II 
II 

3:  S3 

:72 
*:57 

5.11 

" 

too 

6.22 
6.44 

e.es 

6.BS 

and   nelKbta   ot   wroui;]it.lron   wu 


DlBDwler 
otholo. 

TMckn™, 

ISO  pounds 

■Wright 

1 

11 

ft 

Si 

4,500 
2;  500 

Pound. 

0. 03:9.1 

.  ;S 

L 


^.oogle 
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<-<,m 

™" 

X„.»rp.r 

pound. 

Ww*, 

IilMMtar. 
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Box. 

Flooring. 

ehlngte. 
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41.  Dlmenalnnii  of  sguare  boat  upllceii  and  Boproilbiale  nnm- 
ber  In  a  Itrg  of  200  pouDda  : 


SIu. 

Length  o(3pik8,  in, 

taes. 

3 

« 

J     >     g 

• 

to 

"1 

U 

14 

in 

1,3W 

^m 
S 

a,  (BO 

1230 

1 

~ 

610 

300 

360 

320 

31S 
340 

~ 

17S 

Table  XX. 
Ilmad  iiilkeiii 


Blie 
mdMHaai 

Mpounila. 

tlMateetc.  IDC.,4 
spikes  per  tie. 

••*? 

2ix 

400 

Pound.. 

S^STO 
6;  170 
4,680 

1 
f 

lOi 

Pound*. 
10-56 

30-30 
20-30 

16-20 

16-ao 

720 

;  10 

^090 

;1 

with  bolts  the  hoi  PS  BhouW  come  fi 
imblijd  and   (he  holt  Bhutild   Qt   bdurIt  in 
' '  '  otillng  ti 


strength  t 

Jomts  In  metal  are  moat  frequ^Dtlf  made  hy  the  use  of  auxlllar; 
^ecea  Huch  as  butt  strops,  angle  plates,  oimaet  plates,  nnirle  Irons,  etc, 
Some  common  forma  are  Bhowa  iD  figures  10  to  15. 

44.  F^lllne;  irei-ii. — If  conyptiient,  arrange  for  Che  tree  to  lall  In 
the  direction  of  ita  aatural  Inclination.  It  It  ha  neceaaacy  ta  fell  In 
another  direction,  nae  ropea  to  pull  the  tree  partly  over  before  the 
cutting  Is  Qniabed.      Commence   catting  vlth   tbe   fti  aa  tv>s  ^\&b 


Coo<^Iel 


EHOriTEES  TfELH  UAinTAL. 


bciDDd,  as  In  Bi;urv  16 :  tbeo  chaage  t 

—-  cnttlnB  allshtly  aboTe  the  focmer  ci 

If  piperlencpd  axmeii  be  lacking. 


_.    _...__.     _._.._    _.„ _„ _j  jolnine 

Ibf  Bills  and  caps  tn  tbe  posle  of  wooden  treaties : 

Bj  drtftioUs  (flg.  331,  two  throngh  tHe  loot  oC  each  post  Info  the 
Bil)  and  oce  tlirougti  the  cap  Into  the  post. 

By  dhIiik  gplll  caps  and  litlt  lUgs.  31  and  32).  Instead  of  a  single 
BtlCk  of  timber  two  pieces  of  Half  the  width  are  ased.  For  eiam^c, 
a  12  b;  12  Inch  cap  ot  sill  is  replaced  b;  two  6  by  12  Incb  sticks. 
A  tenon  3  to  H  Inches  thick  and  tbe  full  width  of  the  post  Is  madt  on 
Its  top.  One  of  the  cap  or  sill  plec<'B  Is  placed  on  escb  Bide  of  tbe 
tfjion  and  held  Id  placf  by  bolts  at  each  post. 

By  Jlak  plalei  and  boltn,  as  la  figure  HT. 

Figang  18  lo  30  show  Tarioiis  useful  forms  of  Jolnla, 

KNOTS. 

46.  The  following  knots  are  moat  nstfnl  In  brldglDg: 

Ocerhand  knot  llli:.  39u|.  UHed  at  the  cud  of  a  rupe  to.  preTant 
nnreavlng  or  to  prevent  tbe  end  o(  the  rope  from  alipplng  throuBli  a. 
block, 

Figure-oJ-eight  tnot  {flj.  386),  used  for  pucpoHea  similar  to  atrnve. 

Bguare  or  reef  knot  (fig.  B8I,  commonly  uaed  for  Joining  two  ropes 
of  tbe  lame  alie.  Tbe  aCanding  and  running  parte  of  eaeb  rope  must 
pass  througfc  the  loop  of  the  othoc  In  tbe  same  direction.  I,  a.,  from 
BboTe  downward  or  vice  vcrta :  otberTi'lse  a  granny  (fig.  39)  Is 
made,  wbich  is  a  iiseleas  knot  that  will  not  hold.  The  reel  knot 
can  be  npset  by  taking  one  end  of  the  rope  and  Its  standing  part 
and  pulling  tbem  In  opposite  dlrectlana.  Wltb  dry  rope  a  reef  knot 
Is  as  strong  as  the  rope ;  with  wet  rope  it  allpa  before  tne  rope  breaks, 
while  a  donble  shenc  bead  la  found  to  hold. 

Tbe  Wie/  knot  (Bit.  40 1,  commonly  mistaken  for  a  reef  knot,  sboold 
he.  BvnldeirBB  It  will  not  bold.  The  flgurs  shows  tbnt  tbe  end  of  each 
a  around  the  standing  part  Instead  of  around  the  end  of  tbe 


otfier,  as  In  a — ... 

Single  sheat  brnd,  •remier'a  ftnof  (dg.  41),  used  for  joining  ropes 
together-  especially  when  unequal  In  size.  It  la  more  secure  than 
•"^  -  ■  '--  "--  -re  diffleiirt  --   — '  ■ 


eef  knot 
_.  uMe  thet 
qual  BlzpB,  especially  v 


Double  thee*  Ocnii   (flg.  42i,  nstd  hIeo  for  fastening  ropes  of  u 
*  ""   "    '  ind  Is  ojoce  secure  taan  the  sin) 


Tira  lialf  Mickee  (flg.  43),  especially  useful  for  belaying,  or  making 
fast  the  end  of  a  rope  round  lis  own  standing  part.  The  end  may 
be  lasbed  down  or  seUed  to  tbe  stacdlu^  part  witb.  a  piece  of  spun 
yam :  this  adds  to  Its  security  and  prerentB  slipping 

Tbia  knot  should  never  be  ased  for  bolp"""  "  """■' 

Rouarl  tun  and  tiro  half  Mtihes    (flg. 
eept  that  a  turn  is  flpst  taken  round  tbe  l,...   _.  , 

Fitltermaa'a  tmd  or  aiicAor  ftnot  (lig.  4S),  usiNl  tor  fastening  a 
rooc  to  a  ring  or  anchor.  Take  two  turns  round  thp  Iron,  then  a 
half  bltrb  round  the  stundlng  part  and  between  the  rings  and  tbe 
turns.  iBHtly  a  half  bitch  round  lUe  standlUB  purt. 

CloiiB  htlch  (flg,  46>,  eenerally  used  for  fastening  a  rope  at  right 
._  _.  ^^. .     .  ^  iBBhfng.    If  the  end 


t 'piaa  the  end  of  the  rope  roand  tbe  spar,  bring  it  u 


tig.  4frplaclng  tbe  rigbt-band  loop  over  (be  other  one  and  slipping 
^'Wble  loop   (Sg.  4Rl   OTCF  tbe  end  of  tbe  spar.     If  this  csii  not 


lading  part,  < 


FlD-ia-  Fia.19.  Fig.20.  Rg.ai. 


Fig. 22.  Fia.B3.  FlB-25. 


'\;!i 


Fia.28.  Ra.29.      Fin.30.     FiQ.31.        Fig. 32. 


XIZ] 


FiD-34.  Fig.  35. 


.  ■^L,i,«K,,GDipB 


FtsM.    Bowt\DBanaat«^. 
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'CoogK 


BBIDQES. 

ip  the  end  between  the  apnc,  tbp  last  ti 

be  made  wlih  H  long  pnd,  wbich  1h  fori 
1  tbe  Btandlng  port  and  secured  to  It  * 

laed  (of  liaiillTig  and  lifting  Bp&rs.      It 

strain  Is  taken  oK,  hut  will  not  slip  or 

When   used  foe  hauling  Bpara,   a   half  hitch   U  added   t 


iVhen    lined    (nr    „„^ 
■01 


„._, ,_„.  ,_,,  -Bed  for  holBtlng  or  haullnn  a  apnv. 

Haitier  band  i6g.  S3>.  used  for  Joining  two  large  cables,  Eacb 
end  la  selied  to  Its  own  standing  part. 

Boti'Une  (Sp.  54),  torms  a  loop  that  will  nnt  allp.     Make  loop  witb 

through  the  loop,  over  the  part  round  the'stanillug  pait  of  the  rope, 
and  then  dma  through  the  loop  o.  The  length  of  hight  depends 
upon  the  purpose  for  which  the  knot  la  renulrcd, 

fuwHne  on  a  biahl  (flg.  55).  The  Qrst  part  In  made  like  tll8 
above,  with  ths  double  part  of  a  rope;  then  the  bight  a  Ib  pulled 
through  sufficiently  to  allow  It  to  bo  brnt  past  d  and  come  up  ta 
the  poaltton  ahown.  It  makea  a  more  comfortable  allng  for  a  man 
ttisn   s   single   bigbt. 

Running  baicUae   Iflg.  581. 

To  Bllng  a  barret  or  box  horlzonlall}-  IQg.  ET)  make  n  bowline  with 
a  long  bight  and  apply  It  as  ahown. 

To  sling  a  barrel  vertically  (Gg.  581,  mRbe  an  overband  knot  on  to* 

—--  ' .--.-,- ^  .._.._.  _.,  jjgK  jj 


of  tbe  two  parts  of  the  rope  :  open  out  the  knot  and  slip  each 

'•  -lown  tile  sides  -'  •'•-  ""-'■  ■ '-■■  -  ■■ — "— 

^afa-patc   (flgs 

rounded  by  thi 


It  down  tile  sides  of  the  cask  i  BL ._. 

Cafa-paK   (flgs.  50  and  60).      Form  two  equal  bights,  na  In  flgure 

'"■  '-' In  each  hand  and  roll  thi>m  along  tbe  standing  part  till 

_.,.___  ., .  .,._  _.__,, ..  .,_..^  bring  Both  ' 


d  pans  over  the  hook  of  a  block,  aa  In  Qgun 


ShPt-p  nhauh  ing,  fll).  nspd  for  BhorlrnlUE  a  rope  or  to  pass  by  m 
ncjik  spot;  a  half  bitch  is  taken  with  the  atandlog  parts  around  ths 

ItolJing  liltch  (tlR.  62),  osed  for  hauliog  a  larger  rope  or  cable.  Two 
tuma  are  taken  around  the  large  rope  In  tbe  direction  In  which  It  is  tO 
be  liaulrd  and  one  half  hltr^  on  tlie  other  side  of  ttie  baullDg  part.  A 
useful  knot  and  quickly  madi-. 

For  armored  cable,  or  wet  raanlla  rope,  the  hitch  moat  be  made  with 

Blofliitall  hitch  (Bg.  03),  used  for  attacblns  a  single  rope  to  a  hook 
of  a  block  for  hoisting. 

Mooring  knot   iHg.  64).     Take  two  tnms  around  the  mooring  or 

take  a  third  turn  above  the  oUier  and  puss  tile  tree  end  Ijetweeu  the 

b  used  tor  hawsers  and  to  fasten  suys  to 

I  and 

I  Wt)  :  botb  used  for  Bnlehlng  off  the  ends 


d  of  the  first  rope  and  under  the  aeeona  strand. 

working  In  a  direction  opposite  to  the  twist  of  the  rope.     The  aamb 
operation  applied   to  all   the   strandB  will  give   the   resalt  shown  by 

figure  71.     "        """  ' ■"      -"--■■•- 

extent  tflg, 
desired.     Tl 


IBS  EB6INEEB  flElD  HASUAL. 

from  pach  strand  eaeb  tlma  it  Is  passed  through  the  r 
uiider  a  board  or  the  foot  will  mohe  the  splice  compact. 
Lung  apUao  ((Iga.  73,  7*1. — Unlnj  the  acrnnda  of  eae 
coEiTealent  length  and  bring  together  as  For  a  short  solh 
anf  aeHir^d  length  n  strand,  a,  ot  one  rope,  lajlnj 


poalte  direction  with  two  other  Etrands,  □  and  /.    Figure 

HtrandB  c  and  f  secured  by  tjing  together.     Btranda  6  and  e 

secured  by  unlaying  half  of  path  for  a  Biiitnble  length  sod  laying  hull 
of  tbe  other  In  place  of  the  nnlated  portiaaa,  the  loose  ends  oeiDg 
passed  through  the  rope.  This  splfee  Is  used  when  the  rope  la  to  run 
tnrough  a  block.     The  diameter  of  the ■ — ' —  "■- 


Slice.     The  ends  of  the  Btranda  siioiild  not  be  trimmed  off  close  nntil 
e  splice  has  been  tboioughly  stretched  by  work. 
Bye  apllce   (rlaB.  75.  7Bh    7C,  7C«).— tjniay  a  conTenlent  Ipngth  o" 


een  thoroughly  stretched  by  work. 
■^a"  9]"-i.E  tllgn,  75.  76u,  70,  7Gii). — Unlay  a  itpuvt^mi-ui,  it^ugiu  ui 
rope.  Pass  one  loose  atrano,  o,  under  one  atrnnd  of  tbe  rope,  as  Bhown 
In  Qgure  7a,  forming  aa  eye  of  the  proper  alze.  Paas  a  second  loor- 
Btrand,  b,  under  tbe  strand  ot  the  rope  next  to  tbe  strand  which  a 
cures  a  (flg.  75a).  Pasa  the  third  strand,  o,  under  tbe  strand  next  I 
tbat  which  Hpmn'S  b  (fig,  711),  Draw  all  taut  and  coatlnoe  and  coi 
plete  as  for  a  short  splice. 


inches  below  the  transom.     The  lashing  Is 
no  In  front  of  it,  horliootally  behind  tbe  uppigbt,  down  In  (rout  o 
the  transom,  and  back  behind  the  oprl-"-'  --  "-  '-— '  -•  "■-  >— — 
r  the  transom  and  above  the  clove  h 

__.    „    __.    _ _..    _nade.      Fou_    

leqolred.  A  couple  of  trapping  turns  are  tbon  taken  between  the 
apars.  around  the  litshlug.  and  the  lashing  is  finished  oil  either 
round  one  of  the  spars  or  any  part  of  tbe  lat^blbg  tbrooKb  which  the 
rope  can  be  passed.  The  final  clore  hitcb  should  netpr  be  made 
around  tbe  spar  on  the  side  toward  which  the  Btreas  la  to  come,  aa 
It  may  Jam  and  be  difflcolt  to  remove,  Tbe  lashing  mnat  be  well 
beaten  with  handspike  or  pick  handle  to  tighten  It  up.  This  la 
called  a  square  laabing. 

48.  LBKhiug  lor  a  pair  of  gheam  (fig.  78).— The  two  spsre  for  the 
shears  are  laid  alongside  of  each  other  with  their  butts  on  the 
ground,  the  pointa  below  where  tbe  iaablne  is  to  he  reatlDg  on  a  skid. 
A  clove  hltob  Is  made  round  one  spar  and  the  lashing  taken  loosely 
eight  or  Dine  times  about  the  two  spara  above  it  without  riding.  A 
couple  o(  franptng  turns  are  then  tJiken  between  tbe  apars  nna  tbe 
lasbing  is  finlslied  off  with  a  clove  hitch  above  the  tttrna  on  oDe  of 
(hp  HTwrs.     The  butts  of  the  spars  are  then  opened  out  and  a  slins 

?r  tbe  fork,  to  nhlcE  the  block  Is  hooked   or  lashed,  and 
_   lack  gays  are  made  laat  with  clove  bitches  to  the  bottom 
,.„d  top  apRrs,  respectively,  ]nat  above  the  fork  (fig.  7n), 

49.  To  tash  threa  »paTS  togethar  aa  for  a  gin  or  tripod, — Hark  on 
each  spar  the  distance  from  tbe  butt  to  the  center  ot  tbe  lasbliiK. 
lay  two  of  the  Spars  parallel  to  each  other  with  an  Interval  B 
lltfle  greater  than  the  diameter      " —  "— -  -—  —  -   — ■-  -—  — 

the  third  spar  liotween  them  wi ...  .„  „ 

so  that  the  niBckB  on  the  three  spars  will  be  Id  lini 
hitch  on  one  of  the  outer  spars  below  the  lashing  and  take  eight  or 
nine  loose  turns  around  the  three,  as  shown  Id  flgnre  80.  Take  a 
couttle  of  frapping  tprns  between  each  pair  of  epara  In  aucceaalon 
BUd  finish  with  a  clove  hitch  on  the  centml  spar  above  the  lashing. 
Pass  o  sling  over  the  lashing  and  tbn  tripod  Ib  ready  tor  ralHing. 

Sa  Holatitrntii. — To  prepare  a  tastentng  Id  the  ground  for  th« 
-ttBcbiaent  ot  guys  or  purcliaBes,  stoat  pickets  are  driven  into  the 
oamf  one  beblad  the  other,  in  the  line  ot  iratt.     The  head  of  each 
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picket   eicppt   tlie  1, 


picket  neit  lieblnd   (Be. 
■Isbt  of 


sUcks,  the  poin 
The 


dlgtance  ^etweeu 

He  afake  above  tb.  „ 

iquirlng    more    labor    but    having    murh    \ 


i   culled   a    "  deodmon,"    and   conalata   oil   a    log   InlQ    la 
■     with    an    Inclined    trench    Intersecting    It    i 


s  (aHtenfd  t 


1  tnnch.  takes 


and  martin  Btopnlne  (flgH.  82.  S3,  and  84).  If  the  cable  is  to  lead 
lorlzonlallj  or  thclTDed  downward.  It  should  pasR  over  a  lOK  at  the 
outlet  of  tlie  Inclined  trench  (fig.  S3).  If  the  cBble  is  to  lead  up- 
ward, thla  log  Is  not  necesiiary.  but  tbe  anchor  log  must  be  barleil 

BLOCKS  AND  TACKLES. 

51.  The  parts  of  a  block  are  the  gfteli  or  frame,  the  theave  or 
wJmel  upon  wblcb  the  cope  runii,  and  the  pin  upon  which  the  wheel 
turna  la  the  abell.  A  strap  ot  Iron  or  rope  paxscfl  around  the  ehell 
and  forms  attacbmenta  for  a  hook  at  one  end  and  aa  eue  -at  tbe 
«th».      I.Scp  Ban.  Hr,.   HR.   ST.  and  88.) 

of  metal,  In  which  tbe  strap  Is  re- 

?ngth  of  tbe  sbell  In  Inches  and  by 

sheaves  are  called  aingle,  double,  triple,  and  Quadruple.  The  largest 
rope  a  wooden  biatk  will  take  has  a  clreumterenoe  equal  to  one- 
third  the  length  of  tbe  shell.  Self-lnbrlcatlng  blocka  tuay  be  ol>- 
•-. — J  — ..    .„  ig  j,|,  pj.pjgjp-j 

irslde'tL , __.  , „  .__ 

A  mniiinj;  block  la  attached  to  the  object  to  oe  movea :  a  eianaino 
hJock  Is  filed  to  some  permaoent  support  (figs.  94,  95.  and  96).  A 
eimple  tackle  conalsts  of  one  or  more  blocks  rove  with  a  einale  rope 
or  taii.  The  end  of  the  fall  fixed  In  the  tackle  la  called  the  atandlng 
end;  tbe  other  1»  tbe  runclog  i>nd.  Each  purt  of  the  tall  between 
tbe   two   blocks,   or   between    either  end   and   the   block,    Is   called   a 

To  ftcerhdul  Is  to  separale  the  blocks ;  to  raund  in,  to  bring  them 
cloaer  together,  niien  the  blacks  are  in  contact  the  fall  is  said  to 
be  Bhoctabloeli. 

A  tchip  Is  a  single  fixed  block  end  fall ;  It  gives  no  Increaae  ot 
power.     A  whip  on  a  whiii   IflM.  981   doubles  its  power. 

A  tuff  tackle  conslsla  of  a  Bingla  and  a  double  block,  either  flied  or 
movable   (fig.  94 1. 

A  ffun  tarkle  conslftts  of  a  double  and  a  single  block,  tbe  alondlng 
end  attached  to  the  flied  block  (fig.  BB), 

GENERAL  N0TE3  ON  BHtDGE  DESIGN. 

B2.  When  frequent  supports  ciin  be  obtained,  the  floor  system,  coti- 
■181107  of  longitudinal   beams  and  croaa  planklnn.  or  their  eqiNva- 
lentB.  rests  directly  on  piers.     This  method  of  construction  should  be 
g  spans  are  uwcssary.  the  floor 


aot  be  leas  tbaa  12  Sett  t< 


"CoogTT 
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The  clear  head  n 
Ifian  9  feet  tor  "" 
tban  14  feet. 


rope  maf  e 

A  gnard  rail  sliould  be  provided  along  each  Bide  of  the  roadwa?. 


g  planks.     In  hasty  brldgea  IE 

.1 1.  (],g  planlriii-  *-  • 

..  i'd  with  Bpl   ...     _ . 

54.  Examples  ol  ImprovlBed  Hhort-nDiui  military  bridges 


ondemeath.     Otherwise  It  me;  be  fastentd 


lasbUim  ^brauKh  the  ^luihlne  to  the  strlDger 


Tr^mted  ladder  ItrUlae. — A  ladder  may  be  used  ae  a  bridge 


tug  It  on  ItB  edge,  thna  foroilng  a  kind  ot  trussed 

bridge  of  this  kind  was  oerMl  In  China  In  18«0  f(_   

Two  beams  24  feet  long  were  formed  out  of  four  scaling  ladders,  eai 

12  fe«t  ■—  —  -  -■  —  -  -'---  ■ ' ' -'"■-  -■--■--  "  -- 

long  coi 


It  Into  the  bank,     Fiank»  4  feet  long 

This  bridge,  24  feet  long,  waf 

hour.     Its  total  weigbt  wrk  750  p __   __  ,. , __ 

was  crossed  br  half  a  company  of  Infantry,  two  abreast,  flies  well 
closed  and  in  step. 

Tbe  ladder  beam  ma;  be  greatly  strengthened  by  IrusslDg  with  a 
rope,  as  shown  In  fluurc  100. 

In  shallow  streams  intermediate  aupporia  mny  be  qnlckly  obtalQed 
by  moving  wagons  Into  the  water. 

55.  Spar  brldses. — This  name  la  applied  to  bridges  bnllt  of  round 
timbers  lashed  together.  Intermediate  points  of  support  are  proflded 
by  Inclined  frames  acting  as  struts  to  transmit  wplulit  from  tbe  mid- 
dle of  the  bridge  to  the  banks.  Tbe  single-lock  and  double-lock 
bridges  with  two  and  three  spans  of  15  feet.  reiipecllTely,  are  the 
---s  ot  moat  utility. 


The  firs 


Q  either 

ich  footing  to  the  middle  point  o 
■  two  cotreapondloK  points    ■  -  = 


„,. _  _jh  ^ar  eicept  tlie  diag- 
onals the  places  wbere  other  spars  cross  it.  The  marking  may  be 
done  with  chalk  or  wltb  an  ax.  If  possible  a  convenient  notation 
should  be  adopted.  As,  for  example,  in  marking  wltb  chalk,  a  ting 
aroand  the  spar  where  the  edge  of  the  crossing  spar  will  come,  and  a 
diagonal  eroaa  on  the  part  which  will  be  hidden  by  Hie  crossing  spar. 
A  simple  way  to  determine  the  length  of  sptirs  is  the  following: 
Take  two  small  IIqhb  somewhat  longer  than  the  width  of  the  gap, 
double  each  and  lash  tbe  bights  together.  Stretch  them  tightly 
across  the  gap  so  that  tbe  lashing  comes  at  the  middle,  as  at  A. 
figure  109.  Release  one  end  ol  each  and  stretch  It  to  the  footing  on 
the  same  side  as  Indicated  by  tbe  diitted  lines.  Mark  each  line  at 
tbe  footing  C  or  C,  and  at  the  imsltioQ  choseti  for  the  abutment  sill, 
R  nr  R'      &ut  the  lashing  and  take  each  piece  of  rope  to  Its  own  side. 


For  a  douhle-lock  bridge,  a  piece  of  rope  of  a  length  equal  to  tt 
length  of  tbe  middle  bay  replaces  the  lashing.  If  the  banks  are  □< 
parallel,  a  measurement  should  he  taken  on  each  side  of  the  bridge. 

If  desired,  a  section  ol  the  gap  may  be  laid  down  on  tbe  ground  m 
full  slae  and  tbe  lengths  of  spars  determined  hs  la-jVa't  ttiistti  \v  "^— - 
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Thia  method,  tbougti  glvpn  ae  stnndara  b.v  all  aiithoriHes.  rpqulreB 
mure  time  and  more  bandllng  of  material  than  tbe  other  niid  gives  no 
betteF  results. 

The  conatr-ictlon  of  a  frame  Is  shown  In  Bg>ire  101  nnfl  the  svatem 
of  mnrlilng  In  flgurs  102.  The  nrraiiEement  of  frames  to  form  a 
Blngle-loflt  bridge  Is  shown  In  HgureB  104  and  105,  and  a  doulile-locb 
lirlitEe  In  flgure  lOT. 

5«.  Conatructiua  of  alngle-lock  bridges  (flgs.  104,  105,  and  106).~ 
Suitable  for  spans  of  SO  feet  or  less.  The  two  frames  locb  together 
at  ths  TOQter  of  the  Bpftn  ;  their  slope  must  aot  he  more  thnn  4  on  T. 
The  brld^O  can  be  erected  by  two  or  three  noncommissioned  offlcers 
and  20  men,  one-half  on  each  side  of  tba  gap.    Heav;  spars  regulre 

e  Srm,  h orison tal  It  noESlble.  and 
dge.     In  a  maBonrj  pier  they  may 

B  plank  or  sill  must  be  Isld  In  the  trench.  The  frnmes  are  miide  of 
such  length  as  to  bItb  a  sIlEht  camber  to  the  Sridfie,  which  may  be 
Increased  to  allow  for  probable  settlement  of  the  footings.  The  Inside 
dimension  of  one  frame  Is  made  Bllehtly  srcnter  thon  the  outalde 
dimension  of  the  other  so  that  one  frame  may  fall  Inside  of  the  other 
n'hen  hiiulea  Into  nosfllon.  For  a  0-foot  roadway  the  atandarfls  of 
the  narrow  (Inside)  frame  should  be  S  feet  8  Inches  apart  at  the 
traniKini  and  10  feet  0  Inches  at  the  Ipdger,  In  the  clear,  and  the 
other  Contslde)  frame  I  foot  6  Inches  wider  throughouL 

A.  frame  Is  construoted  on  cneb  bank.  The  elandnrds  are  laid  on 
the  ground  In  prolongation  of  the  bridge,  butts  toward  the  bark.  The 
ledgers  are  lashed  oo  above  and  the  transomB  bcnenth  the  Ht.indnrds 
at  the  poBltlona  marked.  The  diagonal  braces  are  lushed  to  the 
standard  two  butts  and  one  tip  above  the  latter,  and  to  each  othrr. 
Before  the  braces  are  lashed  the  frame  must  be  squared  by  checking 
the  measurements  of  the  dlagoaals. 

If  IleceBBar5^  pickets  for  the  foot  and  gay  ropes  are  driven,  the 
former  about  2  pacea  from  the  bant  and  4  paces  on  eaih  »Me  of  the 
ails  of  the  bridge ;  the  latter  about  20  paces  from  the  bank  and  10 
paces  on  each  side  of  the  asla.  The  foot  ropes.  CO  (fig.  100),  are  ao- 
cured  by  timber  hitches  to  the  butts  of  the  standards  and  the  back 
and  fora  Ruya.  riD  and  EB,  to  the  tips :  the  fore  guys  are  paused 
aeroaj  to  fiiB  opposite  hnnk.  The  gnys  of  the  Barrow  frame  should  be 
4n>l^«  the  guys  and  etnodards  of  the  wide  frame. 

The  frames  are  put  Into  position  one  after  the  other,  or  slmnl- 
taneously  if  there  are  enough  men.  A  man  is  told  off  to  each  foot 
cope  and  one  to  each  back  guy  to  slack  off  as  required,  two  turns  be- 
ing taken  with  each  of  these  ropes  around  their  respective  pickets. 
The  other  men  raise  the  frame  and  launch  It  forirard.  assisted  by 
the  men  at  the  fore  guvs,  until  the  frame  Is  balanced  oa  the  edge  of 
the  bank.  The  frame  Is  then  tilted  until  the  butts  rest  on  the  foot- 
ing, by  slacking  off  the  foot  ropes  and  hauling  on  the  fare  guys  mg. 
100).  After  the  head  of  the  frame  baa  been  hauled  over  beyond  the 
perpendicular  It  Is  lowered  nearly  Into  Its  final  position  hy  Blacking 
off  the  back  Buys.  When  the  two  frames  are  In  this  position  opposite 
each  other,  the  narrow  frame  Is  further  lowered  until  its  standards 
rest  upon  thr'  trnnsom  of  the  other.  Tbe  wider  (outer)  frame  la  then 
towered  until  the  two  lock  Into  each  other,  the  standards  of  each 
resting  npon  the  transom  of  the  other. 

The  center  or  fork  tranflnm  (flgs,  104  and  lOB)  is  then  passed 
from  shore  and  placed  In  the  fork  between  the  two  framps.  This 
forms  the  central  support  to  receive  H  floor  system  of  two  buys,  built 

The  estimated  time  tor  coaatractiDa  of  snch  a  bridge  Is  about  I 
r  if  the  material  IR  avaltahle  and  In  poKlMon  on  holS  Bid»s  of  the 
_--.'am.    Tbe  construction  of  the  rosdwsy  rcqulrcH  about  20  minutes; 
A/rmiBg  footings  In  masonry  about  1  hour. 
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ronaiBtlnt;  of  twa   Ini^llned   fra 

lODtal  frame  ol  two  or  more 

dividing   tbt  gnp   to   be  brk 

'-  -     Tie  force  required  If  "" 
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for  dlfflCQlt  footliiES 
The  width  of  Ban 
and  the  length  of  BtoDdarda  fi 
marked  as 


lured   the  poBltlon  of  ti 


iDuwed 

ermlned, 


les  In  thlH  case  are  built  of  equal  widths    launched 

as  before  and  h  Id  bi  j.oj'H  Just  abci  Ibrir  flnal  iioBHIno  Two 
Rtriagprs  am  launched  out  frim  eaeh  bank  to  tb''  main  transom 
The  distance  pleeea  Ifls;  107)  are  put  Into  [osltlon  fnslde  the  aland 
nrd9  using  tackle  If  neceBsair  and  the  road  tran'toma  are  placed 
and  laahed  to  the  dlntanee  pieces  at  the  places  marked  Botb  frames 
are  Duw  loisernd  until  tbi?  jam 
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Spars. 

Length 

IlIflniBter. 

Xlndol  bridge. 

At  lip. 

meno. 

I'urpoae. 

4 

1 

2 

Fftl. 
15 

Inchfi. 

India. 

Single  lock.  30-Ioot 
span. 

3 
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niagonalbrarts. 
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julred  for  spar  brldE^ai 
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Single  loclt. 

Double  lock. 

Kopes. 

Total 

Ropea. 

leiui. 

Uud- 

P«.t  ro«^  3-ln.l,  oixcimr^. 
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Uiaeellaneaas  laateriata:  2  pieces  eholk :  S  piekpta  B  fppt  long ;  4 
'         "  '  tracing  pickets:  plank  tor  cheaa  Ui  bf  12  iDCbes 

~  "     span)  ;   rack  stlcka  and   lashings   (at  4-(oot 


by  10  feet,  accocillaR 

iDtervulSp  according  to  oiiuur  .  -  ihll-iua  laut- 
80.  Rosdirar  of  »vr  I.Hd«e.— For  fn 

tbe  traDSomn  should  have  a  diameter  of  nol 
a  span  of  IS  fe?t.  Five  BtrlDvera  2  feot  'i 
iDfhes  dlaroetiT  at  the  tip  will  auIDce.  If 
the  larger  ones  should  be  notched  down  oi 
bring  the  topa  In  the  same  plane.  The  a 
enough  to  oTcrlap  the  trBnaoms  nnA  Bhnul' 
Bcb  tip.     The   Ihiqr  Is  held   c 


39  than  9  Inches  for 
sticks  vary  in  slie, 


;   the 


tsida 


..trlngets  and  lashed  to  tbi'm.     If  lumber  can  not  be  obtained.  L  

ma;   b«  made  of  BOiall  siiurs.  the  Inlersttces   Qlled  vlth   brush,  and 
th6  whole  covered  with  loam  or  clay   (flgs.  lOS  and  110). 

01.  Treiille  brldseK.— Applicable  to  shallow  rivers  with  Dm    '    ' 
toms  and  not  subject  to  suddPD  change  In  water  le 
aeldom    satisfaclory.^     On    a    rocky    1 


a  muddy  bottom  they  alnk,  and  on  a  aandy  li 
they  uudormlne.  yortable  tresthn  reqnlre  but  little  timber  an 
easily  be  transported.  Tbc  pans  arc  nitcd  together  and  nun 
to  facilitate  assembling.  A  trestle  bridge  Is  not  limited  as  to  1 
The  bays  are  of  conyenlent  length,  usually  13  <"  ifi  feet,  dem 
upon  the  tcaaic  and  the  available  material. 
Accurate    soundings    across    the    etrcam    alor 

bridge  are  required  where  the  bottom  la  Irregi _.   

length  of  legs  and  the  height  of  the  cap  of  PHcb   trestle  Dbov 


;    both    aides    ot    the 


?.tle* 


■■talDi 


^wo,  tbiea,  or  four  legged. 


./Google 


nee  bplng  thnl  the 
1  Hhould  f"!-  •!■' 
ith  lelgp. 


The  twoJetfSefi, 

#""  """' 

In  flgurp  103  Lif,ht 
as  ilitle  strain  la  I  rontht  uixn  thi-n 
talned  In  uprlebt  yos  1ans  by  laBtili 
and  hy  loagltutl  db     hra  ins  ul  adja 

.,.,  „i .   ^,   rieiJly  Vacedl); 

!  drlren  In  the  1 


a  for 
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for  a  fitnglE^  lock  br  dge 
restle  BtenflariJs  have  a 
trcatlr-  In  45  miuutes 
he  donbled    as 


Tl 


0  citout  Btak  ? 


ashed   t 


The 


tb.e  t 


-tlea    I 


ay  BdJaHti. _  „  „ 

To  m^  a  trip  a    the  iBBhlna  of  the  tipi  iqbt  bp     .    .  _ 
n  lara^raph  4I>     r  as  shown  In  Sgure  112    tht^  'f'^  >■ 


.P  dune  a 


^ _    —   _.    , ._ -J  the  latter  method 

the  tipB  ot  tbe  two  lees  are  laahed  toeether  with  a  Hhear  laablng 
(par  48)  and  the  third  leg  or  tripod  la  then  added  The  trippd  la 
then  raised  the  feet  placed  on  th^  angles  ot  an  equilateral  trUngle 
with  h1(1«h  ahoitt  ha  f  the  h  iRht  of  (he  tripod  and  secured  by  laahfiig 
three  llgl  t  ledg  m  sh  shnwn  In  the  flgare 
Thrtw  leKgecFtrpr"  -   -" ■---   '^^—   —• 


bamboo  tram  i 


rather 


'•^f 


■<  ot  bamboa  fitted  with  three 
I  r  Tacjlng  di-pths  of  water 
le  bridge  I'iO  fe  t  lone  the  flo 
r  a  with  bamboo  mats  Tl  e  fioi 
,nd  nia  dealened  to  be  hang  bt 
re  bridge  could  ba  carri  d  ty  1" 

of  fipars 


r  th 

:onsl't8  of  two  frarotia  ^Im  i 


ishlng 


kged  t 


.„ --t.-,. . and   oonirteted  It ^^.^  _. 

the  feet.  The  brendtb  of  the  bose  on^wblch  the  tr.^tle  BtaodB  Rhould 
not  be  leas  than  one-bait  the  helghh'  fflt-nre  IH  ahOwa  n  four-lereed 
treetle  for  eanie  u»e  as  that  shown  Ik  Fin.  113.  It  pteaenls  sltRbtly 
different  MraniepientB  of  tbe  parts  .■od  o£  the  laahlnga.  Fohc-lefged 
treslleB  vre  cot  epnvenletit  tor  UHC/en  ifncran  boiloin. 


t  troBles 
neeeaaary  to  hflllagt  tl 
can  bi'  put  on.     Plec 
ballast  or   any   arltcl 
considerable  weight  ii 


a. equipment   In    cnm[ 

.«hea  to  the  trestle  ■» 
renwiyefl  to  ma  nei:!  wjn'n  no  looRer  needed. 

7a  ft'tflhp  tfeGtlfs  lif  mi    fncms  on   dr>-   fonndaliona 
made  with  tegs  of  uslform  lenitfh  aa  proscribed  In.  the , _^  ._ 

rMh-uid  Sttad  to  the  gcound   by  lashliij;  suitable  extension  plecei 
tbe  rect 
«434e=— 17 13 
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The  simplest  framed  treslle  is  the  sawhorse  The  rclatlTo  dimen 
slonii  aoil  arrangement  oC  Its  parts  are  as  EbowD  in  flgnreB  118  IIS 
and  1-0  The  figures  and  proportlbns  glVen  are  to  be  regarded  as 
typical  only  with  the  widest  latitude  of  adaptation  to  materlBlB  avail 

t>e  FiBnres  123  and  124  Illustrate  a  trestle  bridBe  denlgned  to  canjr 
tbe  loaded  es'-  rt  wagon  with  a  fnetor  of  aaf  ty  of  3  If  tha  br'ight 
tit  the  Cri-stle  la  not  greater  tlian  Its  width  tbe  bracing  abown  lb  De 
nra  126  may  be  uaeC  It  hag  tbe  Bdvaotage  of  giving  a  middle  sun 
port  to  the  transom  Figures  12(1  and  127  sbow  a  baaty  trr-utlo 
brldje  thrown  arr  f-a  Cont-mauEh  Rfvcr  at  Johnstown  Fa ,  by  a  de 
tacliment  of  engtnetrs  lane,  IbSS  The  piers  are  nUffenei  lateratlu 
by  planking  the  upilthls  on  both  sides  for  some  distance  above  tbe 
hattam  ana  arc  made  self  anchf  ring  by  QUing  tbe  u  Inch  space  be 
tweeD  the  planks  with  scrap  Iron  or  other  heavy  material 

Treaties  uf  conBiderabie  heihbt  may  be  made  In  two  or  more  tiers 
the  cap  of  each  formlnE  tb  sill  ol  thp  ona  next  above  and  resting 
upon  it    or  the  posts  may  he  confinnons  IflgB    1^8, 1-9  and  1301 

Wben  trestle  sIllB  are  supportid  OQ  footings  or  pil  s  the  poInU  at 
support  must  be  andtr  the  pjsts 

ST  Pile  beulH  are  similar  in  conatmctlOD  to  treatle  bents  The 
Bill  Is  omitted,  the  poats  are  driven  into  tl  p  around  and  UHually  are 
bU  TertK^I  Pile  bents  are  to  be  preferred  on  soft  ground  and  in 
rapid  Btrmms  Pllc^  ehci^d  be  from  s  to  12  incbee  in  diameter  at 
the  butt  far  bigbwav  traffic  and  must  be  appni^lmatelT  BtfalglU  or 
they  can  not  be  driven  DlmeiiHlab  tiuileis  ttie  nearer  snuBPe  the 
better    mahe  eicell  nt  plies 

Types  of  arrangemest  of  piling  tor  railroad  work  are  shown  In  Qg 
urfB  132  to  ITS 

■      ■  ........  ^.  .    ,.        .^g^^g  pjjpg  mar  be  driven 

dlagonalti  of  J  b>    10  inch  t"     "* 
„.    ^^^   ^^^.     -,.„<■(>    Ifl^    14ni        HelphfB  fW   1^1 

'bare  addldinai  i  ._  .. 
tweeir  tbem  (Hg   142) 

liii.r.ept  In  siceamg  aub}act  to  DoodB  ioniH^dlnni  broiAnff  alio  is  n 
quired.  It  may  be  In  (oe  ir  w\nt  tiers,  as  iesirltied  for  Bway  B*Lin( 
or  as  is  shown  in  flgOre  ISS. 

A  pile  bent  tar  water  ID  feet  deep  Is  Bbown  In  figure  13T. '  Flxure 
ISa  and  1,H9  sboW  a  bridge  built  across  tha JPortugea  Biver,  P.  R 
ana  deslgoed  I0  aUOw  jloudt  to  jiims  over  it,  wltfaout  otbei  Injurt  tha 
dtnylDK  away  the  band  rail,  which  Is  lightly  constructed  wllh  tbs 
end.  In  view.  Fisuree  140  and  141  show  a  typo  of  pile  bridge  t 
— '"■  '  -B  buflt  In  tbe  rhiUpplncs. 


as.  PUeftPtvinK.— Piles  r 

or  a©- Riiai!  — " 


t  sand.     In  still  water  or  moderate  cnfreots, 

, usually  sulficlent  for  lighr  VFork.  pilr-  ■"°"  >"• 

driven  with  sledges  or  mauls:     It  IS  Uist  done  trom  B  ptsttorn 


n  usually  sulBclent  for  light  VFork.  pilOT  may  be 

mauls;     It  Js  Uist  ilone'trom  a  plaHorm  Bttaobed 

to  the  pile  ana  going  daiwn  with   It,  us  shown  in  Sgure  1  *" 


weights  of  drivers  balance;  and  afler  the  pile  is  well  toed  In  [JIbpi;  tl 
slioru  CBdB  of  the  Bpare '  -  *— '-"  -' —         ■-'-' "  ' ■"  --  "' 

Slle  goes  down,  so  aa 
rlvlog. 


flgui-B  f.*3a. 


1  the  point  of  tbe  pile  to  a   point   above   tbe   wi  .... 

driven,  are  required.  After  tbe  pile  Is  bolsted  Into  tlie  tea*^,  •Ju.si!S>. 
the  plpo  to  one  side,  Its  lower  end  oppoaVxe  rtie  ^o''-^''-^  S^^-'^l^f"'^' 
not  be  shHroened.    usine  two  or  ttirp*  -HTmuflit-Vtim.  'Edaa*  J-AAS^ 
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niKl  aUrt  Ibe  pump.      If  Ihe  pllt  does  not  settle  un 

tile  liiimu«r,  lu]i  It  U£titly.     ll^avy  blows  are  to  lii  .. 

will  disiodut)  tbo  pipe.  I 

In  ttie  I'MUppltie  gtrekmii  piles  at«  often  placed  by  itettlng  tbem  ap  J 
la  poBliioa  ana  worUng  the  tops  back  and  rorth  b;  soy  lines  or  I 

I  wlH  tins -them  by  leven.     On  a  frtbntBir  ol  CsmlllelB  fijver  ^-'■ " 

KKytttubnug  Had  CamillelB,  l^-lncli  pUcn  were  Eunk  In  the  r' — 

or  V-i  foot  penetnitlim.    The  peculiar  goftnesB  of  bottom  and  . —  „ 

welchl;  of  tbe  nattie  woods  ujntrlbate  to  the  Buocesa  of  this  method.  L 

Wlien  the  pUeB  of  a.  bridge  ate  to  be  dFlveo  by  band,  tbe  followlBK  d 
metltod,  wblcb  utilizes  the  floor  of  tbe  bridge  as  a  working  platfuriOrl 
hne  been  found  to  work  BdnilmlJly.  It  was  devised  by  Capt.  KecB,  In-  T 
Btruetor  of  euBlDuerlng  In  tbe  General  Service  and  Staff  College,  Fort  ' 
LeuTenwortb,  Kuos.,  and  used  by  hitn  in  the  iQBtructlou  of  hlB  claBseB. 

The  Hrat  bent  la  driven  at  tbe  water's  edge  and  connected  wltb  the 
shore  by  a  bay  of  roadway.    A  derrick  frame  Is  prepared  as  ahown  In 
tlKnre  14^0.     Tbe  feet  of  the  standards  are  forked  to  embraee  the 
troBtla  nip,      A   floor  frame  Is  formed  by  laBhlng  two  stringers  to  a 
trestle  cap  and  pladof  u  dla^otinl.     This  frame  la  laid  on  the  floor  of 
the  lust  bay  with  (lie  free  ends  of  the  stringers  uniler  the  last  cap  and     ■ 
losbed  to  It.  tbe  lashlnga  iiaeslng  up  on  the  rear  aide  and  down  on   M 
the  front  side  of  the  cnpa  (tig.  141:",  Qrat  stage).    The  new  cap  and  ■ 
tbe  diagonal  are  on  top  of  the  stringers  in  this  posltlou.     The  frame  V 
la  raised  at  flrst  by  band  aod  later  br  the  fore  guys  and  rotates  about  ^ 
the  cap  to  which  the  strlngerB  are  lashed.     As  the  frame  paaaea  the    li 
vertical  It  Is  held  bv  tbe  back  guys  and  lowered  to  a  aligbtfy  Inclined 
position    (second  stage).     Th"  dcrrkk  frame  Is  then  placed  with   Its 
claws  embracing  the  cap  outside  of  tbe  ntrlngers,  raised  by  hand  and 
the  back  giiya  made  fast  at  the  Inpa  of  Its  posts  laecond  staeel.    The 
two  frames  ara  then  revolved  about  tbe  cap  by  slacklug  the  back  guya 
until  the  floor  frame  ia  nearly  borliontal  (third  staee).     It  tben  fornu 
a  working  platform  for  driving  the  pilea  of  the  next  bent.    By  lasbtng 
the  cap  to  tbe  piles  and  Blacking  the  guys  (fourth  stage)  the  wel^  , 
of  the  platform  sud  meo  may  be  thrown  onto  the  piles  to  asBlBt  In' 

69,  Demixan  for  pile  drlTerii.^If  two  service  filatonswlth  balk>' 
and  chess  are  available  a  floating  hoiid  pile  driver,  i^hown  In  Bguroa 
144,  145,  and  146.  may  be  ImprovlBcd.  The  construction  Is  obvloaa' 
from  the  drawings.  Tbe  hammer  la  a  log  of  heavy  wood  IS  Inches  b) 
diameter  and  4  or  5  feet  long,  flattcnpd  on  opposite  sides  to  fit  looaelr  ' 
between  the  leads.  I'aira  of  pins  are  inaerted  near  the  top  and  hottona- 
of  the  block  on  both  aides,  to  serve  as  gulden 

Another  form  of  field  pile  driver  Is  showyi  lii-flgurea  147  and  148. 
It  can  be  constructed  from  bau.  chexs,  and  2-lBCh, plank  by  bIi  men  In 
about  six  hours.    It  Ib  rolled  forward  on  tbe  bridge  as  built. 

The  form  of  driver  showA  la  figures  IGO,  ISt,  and  1C2  also  rolla  for- 
ward on  tbe  trestlea,  prol»:tlDs  beyond  the  last  one  driven  far  enou^ 
to  drive  the  one  Bhead.  POr  fwo  or  fou*  pile  bents  the  double  leads, 
shown  In  this  constmcHctt,  ..are  an  advantage,  as  they  reduce  tha 
lateral  sblttlng,  besldeq  dVHbUng  the  rate  of  dilvlng. 

The  tops  of  the  piles  jnust  be  cut -accurMely  to  tlic  plane  of  tbe 
bottom  of  the  cnr  to  gfte-flrni  bearlnga.  If  cut  by  band,  nail  & 
Blralgtat  strip  of  wood  ott  eacb  side  of  the  pile  with  its  upper  edge  In 
the  desired  plane.  uBd  run  the  fnw  on  top  at  these  strips   (fig.  149). 

In  the  flsid  pile  driver  shown  Bi  flgiiroH  ISO  and  151  a  swlnalng 
saw.  frame  la  Indicated.  Wben  In  use  It  la  Bung  from  a  pivot  at- 
tached to  the  hammer.  In  startlDi;  the  cut,  the  ane  of  the  law  muft 
be  Mted  until  lis  mlddla  1b  tin  line  with  its  end«  aud  held  te  until 

TofoperattnK  fleld  drtier   (QsB.  15U,  151,  and  tC! 
Juat    completed,    overhaul    tlie   sLIfilug   tackles    and    nttac 

-'—■OS  to  clie  Itm  eep;  tuatc-  "■' — ■-"  '-  "■- —  "  ■ 

•OJs  of  rOc  macHIne  to  a 
111/  haul  away  o 


^ 


BBmaES. 

r   distance.      Lush    the    bQ<-\   of   the   macb<De   to  tbe 


ewIdj^  them   iD   place; 


i  lower  the  hammer 


itally  into  poaltion,  and  oato 
rough  the  cap  Into  piles  and 
L   the  loagltadlnil  bracea   that 

_.     ._  _   _ .    .    .  .  atilttlng  tacklas  and  advance 

.0  the  nest  bent.     Other  bracing  maj  be  placed  after  the  pile  driver 
has  passed. 

Above  applies  to  bentii  with  two  piles.  For  driving  lour-ptle  bents 
th?  machine  Is  sbifted  iBterallj'  oa  i-ross  skids  with  tackle  or  with 
handspikea.  Vhen  mulea  are  available  they  may  replace  the  mea  oa 
the  hftmmer  lines  to  great  advahtage. 

71.  The  aiippDrtlBK  power  of  plleii  Is  not  of  pnraiDOunt  Im- 
portance In  mllitarj'  bridges  ol  basty  of  temporary  character.  Bines  a 
B   Kh    a    tlement  la  nsally  of  no  eepeclal  conaequencf. 

t  may  be  said  In  general  that  the  bpartog  power  of  idtes  will  vary 
(  m  5  to  rO  tons  according  to  the  alze  ot  ^he  BtlcH,  Its  penetration, 
and  he  character  of  tbe  Boll  Into  whlcb  it  la  driven.  A  frletional 
«18  aoce  per  maare  (eet  of  the  liurtace  of  the  pile  In  contact  with  the 
s  ma  have  working  limits  of  200  to  SOO  ponnda  Tbe  amaller 
bud  not  be  eireedetl  to  allnvlal  and  soft  soil  nor  thp  greater  In 
fi  m  material  such  as  atUT  clai  sand  and  gravel  or  m lied  material, 
f  s  naecsaary  to  insiirp  Bgalnat  asttlenifnt  the  following  for- 
mu  B    known  aa  tbe  '  Englneerlnit  Nens  liormnla      may  be  nsed 

,_2rt  I 


Tbifi  formula  Includea  a  fagtor  of  safety  o 
assumption  that  g^  ^  ^the  ultimate  supporting  capacity  of  the  pile. 

No  pile  loroiiilB  jft  proposed  la  absolutely  reliable  Tbe  above  IB 
one  of^tbe  latest  and  Amplest    nnd  prubibly  among  the  beat. 

CRIB  CONSTRUCTION 

72  In  drv  aJlKottoiw  the  cclhB  arp  built  on  the  alte  and  no  (aateo- 
Inga  are  required  Tbe  ground  la  prepared  to  recelv  the  bottom 
tlrobera  level  and  bearing  flrmlv  toward  the  ends  and  but  llghtiv  in 
tbe  middle  The  Btlcks  of  tbe  ncTt  fourat  are  laid  acroin  their  cuds, 
□rilng  that  thpy  real  fair  and  do  not  rock  If  logs  are  naed  the 
enda  are  flattened  suSclentIv  tn  give  bearing  surfaces  With  dimen- 
sion timbers  each  pii-ce  whUh  dies  not  lay  fair  must  be  given  a  solid 
bearing  by  shlma  or  wedges  before  tbe  ncit  one  is  put  on  These 
small  piccPB  must  be  fastened  bo  that  (hey  can  not  ]ar  oot  The 
tonatructlon  ot  a  dry  crlh  la  shown  In  figure  1G3 

The  part  ot  a  crib  that  is  to  atflnd  in  toaler  mnat  be  tied  together 
and  adapted  to  form  a  cage  for  the  ballast  Enough  of  the  ballast 
to  overcome  the  Holntlon  of  th"  fti  od  i.hoiild  be  mi  c^.\lta*^  ■a.*\'«- 
c&n  not  escape  For  fh*  >*st  it  Is  i^prtpv  >i\  \&ttv*  ft«;  \iaaaw  ^"^^ 
to  run  oat  tbroagh  t 


C'.oo<^le  - 


^.„,:,<atcn«pj 


A  crlh  mny  be  given 
bf  holding  It  In  tbe 
runs  tlirousti. 

A  large  crib  mfly  be  mnde  !□  comEiartmenlfl  ur  pockets,  tbo  Interloi 
oncB  floored  to  take  tbe  KlnklLg:  bKllost  and  the  others  open  at  tbi 
bottom  to  allow  ballftat  to  ruu  tbrongh  (figs.  154  und  155).  A 
BtriHll  crib  mude  In  ooe  pocket  niH]'  bave  extra  logs  Id  tbe  BecoDC 
conrse  on  wblcli  a  Isrse  rork  can  be  laid  tu  sink  the  crib,  aftei 
Tvblch  smaUer  ballast  may  be  thrown  In  around  It  (flg.  lOtl). 

T3.  Cribs  are  built  on  shore  osually  ou  luL-Uncd  ways,  and  when  nj 
to  a  sufficient  lielglit  to  form  u  aubatantlal  raft  may  bi'  launched 
They  lire  built  up  to  a  little  inure  than  the  depth  of  the  water  li 
which  tbcy  are  to  etaod  and  are  Hoated  to  tht;lr  places.  The  sink 
Ing  bullsst  is  then  placed  in  the  closed  compartments  or  od  thi 
floor  ptejjared  to  receive  It,  until  the  crib  is  well  grounded.  Bi 
means  of  spars  set  Qt  the  corners  with  tackle  attached,  the  lowei- 
corners  may  be  raised  untU  the  crib  is  level,  and  the  rest  of  tbe 
ballaat  thrown  In. 

The  coaEtroction  of  tlie  aidtt  of  a  Crib  must  be  adapted  to  tbe 
hallait  to  be  used.  If  large  eCoces  are  iivallable,  the  full  interval 
ma;  be  left  between  sticks  as  described  for  dry  cribE.  II  tbe  baltsHt 
la  xmiil],  the  timbers  must  be  gained  together  to  make  the  spaces 
smaller,   and   It   may   even   be   necessary    to    pisnk    the  sides   of  tbe 

74.  To  reslBt  the  oatwara  thrvet  of  the  baUoat  the  logs  may  project 

notch  cut  la  tbe  oce  tielow.  A  log  muy  be  split  into  quarters  and 
one  of  these  placed  In  euch  outside  corner,  naDed  or  n!nued  to  oacb 
timber.     For  light  cribs  In  shoal  water  tbe  projec 

a  shown  In   figure 

T5.  On  a  bottom  of  soft  mad  It  ma;  be  ueeeaBBry  to  dIsIrifiutE  tbe 
weight  of  the  pier  over  a  greater  area  than  Its  own  bottom.  For 
this  purpose  riprap  Etone  Is  commonly  used  If  easily  procurable.  A 
quantity  la  thrown  In  on  the  site  of  the  crib  and  allowed  to  aod  ita 
bed.  When  tbe  bottom  Is  well  covered  and  no  further  settlement 
eppcara,  ths  top  1b  roughly  leveled  and  the  pier  sunk  on  top  of  the 

It  stone  can  not  be  bad,  a  raft  of  logs  may  be  sunk  on  the  bottom 
and  the  pier  boUt  on  that.  The  logs  should  run  parallel  to  the 
short  Eide  of  the  crib  or  pier  (figs.  103  and  183). 

79.  A  pier  placed  In  running  mater  Increases  the  tendency  to 
acDur  In  its  vldnlty,  and  if  the  bottom  la  eroalbie  may  be  nnder- 
mined.  To  prevent  thia,  a  flexible  construction  of  brush,  called  a 
mnttreaa,  muy  be  uaed.  Its  codBtroctlon  and  uae  are  illustrated  in 
Hgures  lii8-161. 

A  grillage  of  poles  1b  made  on  the  ground  or  on  sklda.  and  at  every 
interseetion  a  stake  1b  set  somewhat  longer  than  the  dealrert  thick- 
ness of  mattress.  A  double  tashing  Is  nttached  to  the  grillage  at 
each  stake,  brought  to  tbe  top  of  the  atake,  and  loosely  fastened 
with  plenty  of  end. 

Brush  la  now  laid  oi 

cond  L-rlllave  Is  laid  on  Ibe  l„„  ...„-.  .„  ^^.... 
from  the  ntukcs 

'(W-'i0OK~  SucT'mVtlresaes'are'iiBuaflyboilt  1 

The  mattress  is  launched  and  floated  to  Its  place,  where  it  Is  sunk 
on  the  bottom  by  throwing  on  ruck  or  other  ballast.  Wheu  In  place 
the  crib  ur  pier  1b  bollt  on  top  of  It.  , 

The  effect  of  a  mattress  Is  shown  in  Bgufc  \¥,\.  da  ■Cn.fe  ■ot^-sW. 
BCODHi  under  Its  outer  edge  the  mattieaB  \«ti4*  aii«a»i«i4,  ^'■'yjs^^^ 
tbe  hottoai  ontil  tbe  scour  peasee,  T\ie  moVWe.™  ?''*S'„  ^xs^S 
eaoOMb  bo  that  this  action  at  the  edgea  wU\  »«<-  aVa^-itM  ■«>»  -"^v-^— - 

04B16' — 17— 
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viHUallj  adopted.  _._    ......  ,    ^  ,    ._ „ 

or  (llscbarKln?  Tdselii.  The  chlet  mUenoce  Is  In  the  prortsion  mnde 
agaiDBt  lateral  thrtatt,  whleb  are  mnch  jireater  than  In  the  caae  of 
iTidRBS.  Vessels  warntng  ana  out  and  even  striking  the  pIpp, 
which  can  not  be  HYolded.  cause  eicessiye  lateral  strains  which  call 
far  SEiedal  featuree  In  addition  to  much  hearler  cooatructlon  through- 

Llghters  e»u  be  diicbarsed  at  a  properly  conetructed  dork  In  cnn- 
Bldppalile    Beaway,      Transports    can    bIbo    be    dtacharged    In    a    mod- 
fay   by  proyldlns  adequati 

piTr."".^!! „  __.     ,_.,  __  ,___ 

lartre  ship  lie  directly  against  n  pier. 

tS.  The  best  raf>ortnK  la  a  maaaiTe  atraeture  of  pllea  driven  close  . 
together  and  cooaccted  neor  their  tops  bf  a  (;ablc.  or  by  bultEk  of 
hoth.  Such  a  construction  Is  often  called  a  dnlphtn.  It  yields  readily 
to  the  flrat  impact  and  develops  reslBtance  eteadily  bat  rapid [;. 
Fi^re  164  shows  the  usual  construction,  and  figure  165  the  method 
or  b<udtDg  wltb  wire  rope.  The  end  of  the  rupe  is  stapled  to  a  pile 
and  tbe  rope  drawn  around  the  dolphin  until  it  bears  on  the  next  one. 
A  strain  la  then  put  on  with  a  tackle  and  a  staple  or  apike  driven 
in  the  second  pile  and  so  oa.  At  least  three  or  four  eotnplet«  tarns 
should  be  taken.     Wire  rope  is  best;  chain  neit. 

711.  Such  dolphins  require  heary  plant  for  their  conetmctlon.  If 
materialB  are  abundant,  a  crib  mooring  may  be  made  with  ordinarr 
tools.  Tlie  crib  should  be  square,  nttb  a  side  not  less  than  the  depth 
of  water  at  kiw  tide.  It  should  be  esceptionally  well  fastened.  It 
should  be  conatrnrted  wfth  a  middle  pocket,  to  be  kept  free  from 
ballast  uutii  the  crib  is  sunk  and  a  cluster  of  pllea  has  been  put 
down  through  the  pocket  and  d  ' 

lile.     Tbe   tops   of   the   piles  s „> „__   —   ,„, 

Tlallast,  prsferably  of  moderate  alse.  will  now  be  thrown  Into  the 
middle  pocket  and  packed  oloBely  around  the  piles  to  aiipport  tbem. 

<.,..,,    T  mooring  1b   leas  elastic   than    the  dolphin   "—    ~^''    • 

•the  of  lines  and  of  fasCenlDgs  on  the  ship, 
wnen  a  dolphin  of  sufficient  streo^li  can  not. 

SO.  Figures  187  to  170  Illustrate  points  which  must  receive  especial 
attention  In  building  pile  docks.  These  are  the  arrangement  of  fendei 
piles  and  chocks  bo  that  Teseeis  may  ride  up  and  down  against  the 
dock  without  catchlne.  the  iDellnpff  or  spur  piles  driven  to  resist 
liiteral  throats,  and  the  arrangement  of  fastenings  oq  the  docfe  to  take 

FLOATING  BRIDGES. 

.  Brldees  of  this  class  b 


ir  them  ore  plenllfuj  and  the  materials  for  other 

This  rule  finds  an  important  exception  in  the  oreaniied  bridge 
equ^age  prepared  la  advance  to  be  carried  with  an  army.  Such  a 
bridge  poisemes  a  great  ndvantnge  In  the  paramount  element  of  time, 
Blnce  tt  can  be  laid,  crossed  and  taken  up  !n  leas  time  than  any  other 
form  of  bridte  can  be  built,  and  Its  component  parts  can  be  nsed  as 
water  tranniortBtlon  for  several  Important  purposea  which  no  other 
kind  of  bridge  can  subserve. 

S2.  Tbe  bridge  equipage  adapted  for  the  United  States  service  is  of 
two  forms,  heavy  and  light.  The  hesivj  eoWvawi  '«■  »i'&.'tN«eR.  J» 
capacity  for  all  requirements  of  a.n  fttmj  oa  uie  ■mat'Si  ^i^  "i*  -sBK^Siia 


CenlDgs  on  the  ship,  but  It  can  be  made 
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enoueb  to  be  cncHed  Bt  the  ordinary  rnte  of  marcblng.  In  the  llcht 
egnlpnge,  iiipiicItT  la  somewLiiC  sHCTifli-ed  tor  the  SBtte  of  further 
mnbilltj    to   enable   a   bridge    to    be    carried    with    a   rapidly   inoviuR 

The  'trnlDB  of  the  heftyy  equtpHRe  are  sompoaed  of  six  pontWQ 
dlTtsinns  aad  one  aupplv  division. 

Tlie  trains  of  the  light  equipage  are  compoaed  of  throe  tiiuitoon 
diTlBlona.  T6e  pontoon  section  of  the  engineer  tmlu  of  an  Infantry 
dlyiolnn  coDtalna  two  heaTv  pontoon  divisions  and  one-third  of  a 
podtDon  Bupply  division.  The  pontoon  section  ot  Ihp  eiinlneer  train 
or  a  Cavalry  fliTiiiion  contains  three  light  pontoon  divisions. 

The  principal  partEj  in  both  loroia  of  bridge  are  punioona  or  boats; 
llie  loBgitndlnal  l>eBrera  or  Btriogers  Joining  them,  culled  ballts:  the 
croGs  prunka.  called  Elteas;  and  the  beams  which  hold  the  cheaa  In 
position,  called  rtde  roils   (fla.  18l>. 

SS.  In  the  heavr  train  each  division  will  eonstnict  a  bridge  of  11 
bnjs,  or  2*,;5  fett  m  length,  and  is  divided  Into  tour  sfCttun*.  two  ot 
which  ate  called  ponfooit  sections  and  the  other  two  abutmeHt  sectlans. 
The  two  nbutnuirt  or  end  sections  sulBce  for  anj  length  of  bridge.  In- 
cmaae  in  leogth  ts  accomplished  tiy  adding  one  or  note  Hinton  or  In- 
tertOF  aeclions.  The  pontoon  section  la  never  divided,  as  It  can  not  be 
done  without  br^uklug  wagon  loads.  This  egalpnge  weighs,  wagons 
included,  31S  pounds  per  foot  of  bridge,  or  without  wsgontr  IWl  pounds. 

A  dirlaioa  of  light  equipage  will  construct  IRO  feet  of  bridge.  It  la 
not  divided  Into  sections,  as  each  pontoon  wagon  carries  the  material 
for  a  complete  buy  and  the  bridge  may  l)e  lengthened  by  adding  ona 
or  more  puntooQ  wagons.  This  equipage  weighs,  Including  wagons, 
2T5  pounds  per  foot  of  bridge,  or  without  wagons  1S8  poimds. 

SI.  Henvr  pgutpnKc.— A  division  is  loadi?  on  16  wagons.  Eight 
Of  them  are  called  pontoDn  wagon*  and  carry  each  a  pontoon,  7  long 
balka.  anchor,  cable,  5  oars,  2  boat  hooks.  20  lashlnga,  6  rack  Btlelu, 
2  scoops,  ax,  hatcbet,  backet,  and  20  pounds  spun  yam.  Four  of 
the  wagons  carry  chess  or  floor  planks  only.  80  each,  or  enough 
for  3  bays,  and  are  called  cAess  loofjoRs.  Two  wagons  carry  each  a 
complete  trestle,  T  long  balka,  T  trestle  balks,  2  abutment  sills,  and 
2  coils  of  rope.  The  tool  untffon  carries  axes,  shovels,  picks,  tools 
and  materlniB  for  carpentry,  saddlery,  calking  and  painting,  and 
space  cordage.  The  forjW  iragon  carries  a  forge,  smithing  Cools.  Iron, 
and  other  matcrlPls.    Each  wagon  is  drawn  by  S  mulss  with  1  driver, 

8n.  Snpportlnig  powi-r  of  Itoatit. — The  boats  of  the  heavy  train 
are  of  wood,  of  about  B]  tons  gross  displacement,  and  weigh  1.600 
potinds.  Each  can  carry  40  Infantrymen  armed  and  fully  equipped 
beflides  its  crew,  a  total  of  about  »,300  poanda.  This  load  crowds 
(lie  boat  and   ahoulrt   be   need   only   In   favorable   conditions.      Thirty 

or  swift  currents  20  men  and  the  crew  make  a  suitable  load.  The 
ponton  Is  cranky,  and  uneven  loading  and  ahltting  of  loads  must  be 
avoided. 

The  light  OF  canvas  ponton  Is  of  Ti  tons  gross  displacement  and 
weighB  SSO  pounds.  Its  normal  load  Is  20  men  and  crew,  which 
Bhonld  be  reduced  tor  unfavorable  condlttncs, 

8S.  The  impporllnK  pnweF  ot  the  brldve  Is  delermined  by  that 
of  the  roadway,  purposely  made  Ipbs  than  that  of  the  pontons.  With 
a  factor  of  safety  of  4,  the  safe  uniform  load  ot  the  standard  heavy 
bridge  of  5  balka  Is  0.500  pounds  on  the  14  feet  *  Incho"  hBtwoBn  tho 
•opportB,    or    660    pounds   per   ilnesr   tool.      This   is   t 

....     .  ._._..._..  _,     _...___^  jjj^  column  of . 

.„— .-   -Jwded  by  a  check.      -_, 

sncentrated  center  load  is  4,TS0  pounds,  which  la 
luBL  ua  une  aile  of  s  wagon  ot  5  tons  gross  weight.  It  Is  more 
the  Qeld  gun  and  carriage  and  1,075  pounds  less  than  the  siege 
Saeh  additional  halh  shove  G  adds  ISO  pouitd%  ^i^t  V«^  ^»  ui 
onltorm  load,  or  1.280  pounds  to  sate  i:inwentiiiVeA\iift&  ^^'^ 
will  cany  Ibe  elege  gun  with  a  lactot  ot  b»1«5  lA  -oca^l  '^- 

^ .c;oo<^l< 
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EiranTESK  field  buititai.. 

a  balks,  or  II  [a  nil.  will  carry  bh  muth  concentrated  load 
'      "  '       jHlks  when  uaed  Bbould  be  added  u 

It  only,  aa  oiij|A< 


r  saddle  sUI.  30  p 
It  b  ■'^ 


a  and  wltb  great 


balks  muBl  be  used  fnr  I 
sDpported,  50  per  cent 


!dQd  except  under  aaat 

.  -—  „ With  new  and  pertecUy  sul.^ 

eclal  In  an  emprKency  of  actual  serrlce  an  otBcer  In  charge  oC  ft 
?  would  be  luHtlfled  In  doubllns  the  loads  giveti,  or.  In  oUi«c 
I.  reducing  the  factor  of  aafclj'  to  2. 

_  ,..j t„i ^.  partially  dlslribated  by  track  planks 

"n  shocR  or  runnera.      For  long  coq-      4 


The  floor  ajis^cm  of 
the  hsBTy,  with  eq — 

Sual   capacity   per 
nrter.     The  titand 


WRfcm  of  the  light  train  fans  nlae-tehihs  the  strength  of 
with   equal  number  of  balks  for  concentrat)^    loads   and 


etandard  door  of  5  balks 
boata  win  safely  supDOi 
87.  Capacity    punt 

Mfely  carry  load  Indies 


brldseii.-— Bridges 
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CAPACITY  HEAVY  EQUIPAGE  BRIDGE. 
ID   In   thlH   table   refers  to   dlatance ,  between  gunnalca  q£ 
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BROOIB.                                        S18j^ 

Bridge  with  10  feet  *  Inches  clear  spans  (16  feet  c.  to  c.  of  boats) 
requires  i  feet  of  the  set  of  balks  in  each  bay  to  overbang  beyoDd  the 
gunwale  of  one  boat.      Improvised  means  must  he  adopted  to  secure 

To  provide  a  bridge  with  clear  spans  of  10  feet  4  Inches  per  bay 
of  tile  name  Icngtb  as  one  built  with  normal   Interval,   the  materlia 
DBcd  for  the  latter  must  D«  increased  by  three  ponton  wagons  and" 
one  chess  wagon  or  equivalent.     To  provide  a  hridfie  with  clear  spana , 
of  T  feet  per  bay  having  the  same  length  as  the  one  built  with  normal 
Intervals,  the  material  used  for  the  latter  must  be  increased  by  aeyen 
ponton  wagons  uod  two  chess  wagons  or  equivalent. 

CAPACITY  LiCJUT  EQlllPAUK  BRIDGE. 

1 

S^fltSSS:.,  J 

' 

^ 

4-muIaArm 

X 

X        • 

i 

X 

X 

The  loads  of  tlie  IS-inch  howitzer  aorl  the  TS-horgepower  caterpillar 
tractor  are  greater  than  the  net  buoyancv  of  either  the  canvas  boat  of 
the  light  equipage  or  the  wooden  lioat  or  the  heavy  equipage.     There- 
fore no  bridge  can  be  butIt  of  the  ponton  eiiulpsge  to  pasB  them  wllh- 

45-horBepowec  caterpillar  tractor  Ib  so  doBe  to  the  net  bnoyaocy  of  the 

be  noaalble  (o  pass  this  load  over  an  11 -balk  bridge  ot  heavy  equipage 
with  clear  span  of  7  feet,  but  the  Engineer  officer  in  charge  Ib  reapoD- 
Hlhle   and    should    carefully    Investigate    aH    conditlona   and    estimate 
elTectB  before  deciding  to  authorise  its  passage. 

Ab  the  equipage  of  a  ponton  division  (heavy  or  light)  proTlde  onTy 
enmclent  number  of  balks  to  construct  a  bridge  of  Hve  balks  per  bay, 
when  all  tht-  Bupoorts  (boats  and  treatlea)  ace  used,  additional  halks 
must  be  obuined  to  construct  a  bridge  having  more  Chan  Ave  haXIs. 
per  bay  ;  or  the  number  ot  bays  posaHile  ot  coxra'OTi'iiViii  ■wVi.x  Nift  ^%- 
SneeS  to  an  extent  neeessary  to  pwnrtde  adfliftOtaX  ^mL>&a. 

1                                                                                                                 ..         .(. 
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IQ  pasalQg  tlir'  hpnvy  ioads  such  as  tbe  howitKerc  IB-inch  or  targer) 
>r  the  loaded  motor  trucks  ofBcera  In  charee  of  hrldKes  should  care- 
EuUf  InveHtlgate  the  epon  ot  the  chuss  as  they  lie  upoa  the  balliB  to 
Ronde  that  the  spans  wherp  th«  whrela  of  the  vehlclpa  track  Bball 
liEna  too  great  to  support  the  load  to  he  carried.  Lying  langltndt- 
WplBtik  to  torm  wheel  trucks,  ctich  track  made  up  ot  tbrce  rows  ot 
Walk  approitmately  a  by  10  inches,  will  ht  toond  uaehil  In  diitrtbul- 
u  the  load  and  will  save  wear  on  chess. 

Tn  passing  beavy  loads  an  interval  ot  two  hays  between  sncoWBlve 
da  may  be  found  advlBahle  so  that  when  a  lond  la  onr  any  boat 
-t  of  the  load  may  be  transmitted  to  adjacent  boatn. 

At]  motor  vehicles  except  paaseuger  vehicles  should  W  required  to 
cross  the  bridge  at  lesbi  than  4  mllea  per  bour,  unless  experience  In  a 
particular  case  indicates  a  higher  rate  of  travel  practicable  and  the 
-sitoatlon  requires  the  increased  speed. 

There  will  occur  cases  when  the  Boglneet  officer  in  charge  itf  n 
ponton  bridge  could  permit  some  of  the  loads  to  cross  his  bridge 
which  are  reprcaenled  in  the  table  as  not  safe  to  carry.  The  «*- 
dlQon  sbould  be  very  favorable,  and  the  Rnglneer  officer  In  reaching 
a  dedslon  most  assume  responsibility,  Tor  example,  the  table  doea 
not  indicate  that  the  empty  3-ton  truck  can  be  safely  carried  Over  ■ 
flve-balk  bridge  of  heavy  e<]U<page  built  with  normal  Interval!,  yet  the 
empty  3-ton  troEk   was  safely  passed  over  a  bridge  ot  thia  type  at 


t  tables 


a  bridge  ot  known 


TiBLE  XXVI. 
DISPLACEMENT  OF  HEAVY 
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DISPLACEMENT  OF  LIGHT  (CANVAa)  B 


Draft. 

dispS^a. 
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dliplflDod. 

IncAl,. 
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'    1,150. 
2,  730". 


EsperTcnce  on  the  MfiIcbh  harder 
Inrb  giin  ciosBlnij  s.  Donoal  Intern 
7  bBlWs  per  bay  diBplaeed  the  ei 


^amecpar.. 

IJght  Irahi. 

Heavy  train. 

Pontoon  9'  tons 

aitBcth    -feetSlnchBs 

CaDvas  pontons,  6  tons 

2ireetbySfMtlin(!h03 

byatBBtTlnches. 

22^tby4ibymncbii!i 

arieetbySbySlDtihes, 

UlBetbyialiyliinchea 

ISIeetbyiabyUhrches. 
HIoethjSbyetDOhBS. 

S^i^:::::::::;::::  ■■:::-::;:::;:::::::::::::: 

1  inch  by  8  leet. 

Sfefi,  w\rars(l|jointa.... 
li  inches  diameter,  a  160 1 

IMM^nds 
240  feet  lone. 

',Bss  ~: 

leet  long.                        i      V!*\.\«d%. 
N  0.  OMW  cottm  andtt . . .  \ 

wide,  ISinttesftmp 
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TiBLB    XXIX. 

BVelHtatB  ot  wovona  and  their  loadni 
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Light  train. 

Heavy  tr^n.             S 

WsgOQ 
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Wagon 
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t  bridKeii, — When  It  beeonieB  i 


uBh.      . 


alse  BB  poa-  i 


tlielr  BUe  with  the  ponton  boat, ^  „. 

^aph  93.    Support  the  tulks  on  saddle  si 

rroJH  the  Framee  of  the  hoatfi.  If  boats  uuufnuj;  wrv  luuuu  jm  uho- 
ptacemcnt  are  naed.  mafae  the  bays  eupported  b.T  the  aniall  boats 
Bhorter  than  those  supported  lij  the  larger  ones.  Avoid  gelting  *  TBfy 
lat^e  and  a  very  small  ^r^at  adjaeenl.  The  floor  atBtpm  may  be  de- 
Bittnea  as  In  paraeraph  80  for  spar  briage.  With  Bcow-ballt  bargefl,' 
which  will  uBually  have  ejfcSB  of  BUpporting  power,  a  servleeaWe 
bridge  is  readily  built.  If  the  Iwate  are  lerxe  tind  well  decked,  they 
taa;  be  placed  endwlae  in  the  bridge,  separated  by  20  feet  or  more,  the 
Intervals  spanned  by  bays  of  roadway  und  tbe  decka  u«ed  for  ra*A- 
way  on  the  boats  themselves.  With  boats  of  different  Bbapea  and 
hIeoh.  eoeb  a  bridge  Bhould  be  attempted  with  great  eaullon,  and  only 
onder  eiceptlonal  cireumslani-eB. 

92.  Barrel  plem. — When  barrets  are  available,  Bondnft  plere  can 
be  made  by  asaembllng  a  sufllcient  number  of  tbi-m  by  means  nf  tim- 
bers or  iBBhlnss.  or  both  combined.  An  ordinary  :>0-gallon  barrel  baa 
a  buoyBhcy  of  about  400  pounds  wboQ  completely  Bubmepged ;  thoae 
of  other  Biaea  In  proportion  to  their  capacity. 


fth   s 


the  total  load  to  be  borne  b, 
margin  of  2~ 


in  forming  the  piers  the  barrels  ) 
uppermost.     TJie  Kunwale  llmbprs  a 


rmply ;  the  dllTeranae 

far  a  pier  Is  obtained  by  dlvldlnB_ 
Bupportlng  power  of  one  barrel,  i, 
ltd  be  allowed,  as  ttie  tiarrelB  of  «: 
■ged. 


_t  In  line  wllb  the  bmigB. 
placed  over  and  the  rope  allnn 
the  tcunwalea  at  each  end  of  fns 
line.     Between'each  pair  ot  barrelg  on  eaci 
the  sling  and  then  led  aroond  the  HTinwale 
opposite  brace  rope  and  back  again  to  Its 

— J.  ..„.  .!.„.    jjj_  )j2.  and  173).     Care _, 

5  the  ropes  by  chafing  on  the  ground. 


a  brace  is  secartjd  to 
i  own  side, 
gunwale,  w 


united  Into  larger  i 


Icb   win   require 


B  Indicated  111 

miDg  a  barrel  pier 
B  nailed,  bolted,  op' 

other' tttstenlngi.' 
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J 


Iinllt  up,  tbc  lofN  of  ei 
Inttvr  iflntbud  baa  t>eel 
hSRibon. 

pl*ra  d(  a  tlos'tlng  hrldj^e  U. 
sboiild  bf  w  conBKuctwl  and  ulactd 

lo  till.'  onrrenlr.      In  nontldal  atra .__   ___   , 

BtPPam;  in  tldRl  Pitunri"*  tbej  ahould  Mternate  up  and  down  a 


ntka.  tT«ei,  oc  d»adiiieii  on  tht-  ebure  Bboi 
l^op  ill.   -   -  -      -' '   ■"-■   


ponUi 

-■'■SI 


id  UnhC  LiiWgo  e(iu1p«ec  thfl  anphora  provided  are 
■  rarronis  It  will  answer  to  aophor  alternate 
,'    fiinrth  ona  dowustream :   the  dcrwnstreBS    I 
t    vihlcii    bave    up  stream    aacbora    alao.      iBijJ 
ni'CpaHary  lo  anchor  ever;'  boat  upatraaqgfl 


in«dliiW  UomU  itBB.'naaary  and  ilw  iinctinp  nahlKa  cairlPi) 
liOnk  BiiyB  may  be  curried  (llrsct  from  nni'b  pliT  to  tti 

IMurBd  aa  before   Indicated. 
The  iiino"i  0}  calle  6e(ii'een  anchor  and  pier  abould  bi> 

timea  the  lieplft  of  tbe  atcenro.    OUterwlae  the  anchor  ta  II 

irirf  ■  Anvnvjnpii  mill  lA  hivintrht  on  thp  upatTeitm  end  or  It 
as  possible  direftly  upatroi 

»....»_  ....«.u  .^-.  ■»-.   ..  ~  tvccapy,  BO  that  the  pier  iu    .. 

Will  have  the  aanie  poaltlon  tbat  It  woQtd  asBunie  if  rldlna;  u 


'^QprovliX'i]  uncbora  may  be  made  of  aoy  beary  taatvrlilB  on  band, 
•Ilway  Iron,  ijli'ti-s  of  mflchlupry,  or  large  Btones.      Such  anchora 
be   of    cocsld.'rnlile    weight,    aa   dependence   Is   placed   on    tbelr 
Itlier  than  their  atCacbmcnta  to  the  bottom. 
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Tills  metlicMJ  la  Eot  oftfin  employBd.  as  it  requireH  more  plprB 
the  same  Icugth  of  bridge  anil  dlatrlLiutes  tLie  support  ouequa 
thTDWlnif  I  be  roadway  iutu  hiimpH  when  loaded. 

100.  By  oonnerslon,— The  position  ot  tbe  bridge  havlOB  bean  __ 
lermlned.  tbe  wldtb  ot  the  stream  Is  aeourateLy  measured  and  a 
suitable  place  at  aome  distance  above  the  abutment  I9  selected  for 
the  coDstmctloD  of  tbe  brldae.  This  place  m&s  be  at  a  (^onslderahle 
dilitBQce  from  that  which  the  bridge  IB  to  oceapy  ;  It  Is  frequentlT 
on  some   trlbatary  of  the  Htream  to  be  brldBed,  oat  ot  flight  of  "— 


araltet    1 


'.   rails 


iridge  U 
within   1 


The  material  for  the  near  abntme 
ponton. 

Tbe  Bpetream  end  of  tbe  bridge  Ib  Ihi 
pdvoted  oo   its  domutreani   end,   which 

The  progrpns  of  the  bridge  Is  checkei 
abntmentB  and  It  Is  Hi  owl;  easi^d  dowi 
downHtremn  aucbora  ate  «»st  from  separ 
hj  parts.     Tbe  tar  abntment  is  then  cm 

ipaFljioti  of  thp  four  iii« 


and  bay  Is  brougbt  down  I1 
Ihen  shoved  ntf  and  the  bill 


',  '•J,  ' 


i  of  being  applicable  to  n 
Telocity,  and  of  requlriog  tbe 
fewest  pontonlers,  and  tbe  ahorti 
sTer.  the  labor  of  coDstructlng 
rapidly  with  the  number  of  bays. 
. ., ...j .iQ  fiaj 


r   the 


,    whaievpr   may    be    thi-lr 
quantity   ot   equipage,    th 

by   this   method    Increase. 

..,  .  .    .he  balk  and  chess  carriers 

bridge  of  40  bays  are  obliged  to  wulk  Gj  mlleH :  * 


one  of  SO   bays,    nearly    10}    mlleB ;   of  So  bays,    14)    miles:   and  at 
100  bays.  4(1  nllea. 

Tbe  methoii  by  partt  ordinarily  la  uaed  in  connection  with  the 
method  by  successive  pontons.  When  the  bridge  Is  to  be  more  than 
40  bays  In  Icngtb  these  methods  are  combined  as  follows ;  The  brtdgft 
is  begun  at  both  endn.  It  pOBSlble.  by  successive  uodiuux  and  la  puabed 
on  rapidly  toward  tbe  laiddte  ot  tbe  stream.  The  two  nortiODa  th — 
fonnec  are  connected  by  parts  which   are  coDBtructed   in   tbe  me 

be  forced. 


-.. bridge. 

,  ....   -  ...     mployed  when  the 

ind  when  the  rafts  can  be  conetm 
which  I'ase  the  pontonlers  will  >»■ 
that  Is,  while  the  rafts  are  floHtlng 
Ib    order    that    this    method    of    ' 


ted  uDobaerved  by  tbe 

expoBed  to  Are  but  a 

into  position  and  belnf  V 

DUstructlon    abould    hi 


Dction  threatened 

.red  10 


..  _._    _  ..  from  Uoatiag  bodies, 

be  readily   disconnected,  dropped  oat 
Its  place  when  the  danger  is  past.     It 
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The  nttacbmciitB  oC  the  false  hofts  are  ndftpted  to  coQTenit„.  .^ 
moTSl  and  replacemtnt.  To  opeD  the  draw  the  ratt  Is  dlsi^utinectt^d 
from  the  bridge,  tbe  upEtream  cablra  slacked  oft.  the  raft  dropped 
oat  of  the  opejilae.  made  fast  at  one  end  to  the  liiidge  aad  allowed  to 
awiGg  aroond.  If  the  current  does  not  Bufflce,  the  ratt  ujOBt  be 
moTed  hf  hauling  on  the  dowu-Ktream  cableu  and  od  a  swinging  ratile 
laid  for  the  pnrpoae.  A  wide  draw  iQ  a  Htrong  cnrpent  may  be  made 
of  two  rafta,  one  swinging  on  each  end  of  the  bridge. 

The  draw  is  clewed  by  bttuUng  the  roft  around  until  parallel  to 
the  bridge  and  Jnst  below  it.  and  then  hauling  It  Into  tbe  gap. 

103.  Care  muat  be  taken  to  provide  a  tree  Ringing  motion  ^tween 
abutment  or  trestle  bnyu  UDd  those  uett  to  them.  In  case  of  ■, 
staunch  boat  with  straight  aldeB.  the  balks  may  Join  on  one  gunwale, 
one  get  only  eitendlug  across.  The  hinge  should  be  on  the  Bide 
toward  the  abutment  ot  trestle  (Sg.  186).  A  saddle  sill  on  the  Brat 
Tiler  to  receive  the  balks  wUl  answer  {figs.  18T.  1B9).  In  fact,  with 
exception  of  the  heavy  bridge  train,   balks  will  asDally  be  sap- 


^ 


i^rted  on  saddle  s< 


lould   be  jiluced   as    low   as    possible   without 
"1    uaaally    be 


lark,  and  the  t 


...  .  .  weight  when  grounded.  If  t 
buuhN  are  blgh.  ramps  must  be  dug.  tenchlng  the  proper  level  f 
the  abutment  sill,  and  long  enough  to  give  a  pracncable  elope  t 
the  traffic  using  the  bridge   (flg.  1S9). 

A  bridge  may  be  laid  with  extended  iDterrals  to  cover  a.  great 
length  by  placing  the  balka  aa  In  figure  188.     Proper  allowanae  mu 


boats,  and  the  other  by  a  single  boat. 

assembled  and  in  a  vertical  position  1l „__  _,   ._ 

bridge,  the  trestle  balks  placed  on  the  cap  and  lashed,  and  the  

OF  raft  then  pushed  out  until  the  Inner  ends  of  the  balks  fall  in  place. 
The  trestle  Tegs  are  then  let  go,  and  when  the  shoes  are  on  tbe 
bottom  the  false  legs  are  set  and  tbe  boat  or  raft  removed.  The 
Bltago  trestle  is  no  longer  furnished  with  modern  ponton  equipage. 
A  new  type  of  trestle  has  been  adopted  dUrerlng  from  tbe  Birago 
tresrtle  mainly  In  the  manner  of  aupportlng  tbe  cap.  It  conslsls  of 
a  cap  with  pIoB.  two  lege  with  aboea  and  keys,  and  two  wedges. 
The  legs  are  IncUued,  to  give  lateral  stability.  The  cnp  Is  adjusted 
by  ui'aDB  of  two  cap  levers,  one  of  whteh  Is  carried  on  each  trestle 

"ftie  new  trestle  is  Illustrated  on  page  62.  Ponton  Manual,  1B15. 
105.  Hzamples  of  calculations  for  fioatlng  bridges : 
To  find  length  of  bay  :  I'lers  of  flat-bottomed  boats  with  vertical 
sides,  5  feet  wide.  3  feet  deep,  allowed  Immersion  2}  feet.  Mean 
length  of  part  Immersed,  16  feet.  Weight  of  boat=l,000  pounds. 
Dead  load,  SO  pounds  per  linear  foot ;  live  load,  5EtO  pounda  per 
llnonr  foot. 

"'     ■  -'  - .    ~  \    '-,  '     .  =200  cubic  feet, 

.3,500  pounds. 


AvaUable  buoyaiicy  ot  one  boat,  11.500  pounds. 
M.il«...  Ungth  of  1,.,_  ■'1';°    -IS  tet  «,. 
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Fig.  193.  FIS.19A.  ?v»  \'S'i- 
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padty,of_hridge_wltb   bnrn 

iofi''ponni-_  ^__   

Bequlred  the  mHXlmiim  live  iuhu  -, 

Available  buoyancy  of  oae  pLer  112*  X70X.S=a.aOO  potiDdB.     De- 


Uaxlmuni  live  load  per  linear  I 
or  bay  foe  any  naaumed  live  load, 
S_,3  ,„,.. 

To  find  capacltj  of  h—<""  "■">■ 

length   of  logti,  45  feet: „ ,    .,   ,    5,„,   _. ,  

ponndB   per    cubic   foot;    deail   load,    150   pounflB   per  linear  loot   ot 
madivay :  iDttrvols  betweuD  EcutetB  ol  piera,  19  feet. 

n — <..j  ... . jiyg  j^g^.  Volume  of  log,  par.  90,  4.8X 


feet  Supporting  power  of  pier.  BOT.SX  (82.8  —  35)  XO.t 
pODnda.  Deduct  <lcad  load.  130X10^2.^50  pounds.  N«t 
per  bay,  S,310  pounds.  Maximum  live  load  lor  IB-fo 
-jg  —437  pounds  pr.r  linear  foot,  or  length  of  tfflf  for  any 

live  load,  Bay  500  pouoda  per  iinpar  foot,     jjjjj-^lO.C  feet. 

lOfl.  Frocaatlom     in    paaBiiis    floallas    brldares. — -Infantry 

DtuBt  break  step  und  music  ceuae :  dlHlauces  oiust  li«  maintained  or 
eitended ;  rldera  and  drivers  must  dlBmouut  aud  all  homes  must  he 
led.  Haltinu  on  a  bridge  sbobld  be  avoided.  If  It  la  abBolntely  necos- 
aary  to  halt  on  n  Boating  brldoe,  caavenCraCed  loads,  aucb  ga  tbe 
wheels  of  wagona  and  gnna.  should  rest  between  plets.  Interruptions 
oI  tbe  column  of  nmrcb  aod  allemationa  of  direction  should  be  mode 
■B  few  as  possible.  The  gceatPBt  strains  on  tbe  bridge  oecur  whan 
part  of  It  Is  empty  and  tbe  rest  Inailed.  The  column  should  also 
be  so  arranged  as  to  make  the  alternations  among  the  diffe-rent  clBSse* 
of  loadH.  BB  troops,  arllllery.  and  tralus,  as  infrequent  oh  possible. 

If  a  bridse  beBios  to  swa.v  or  oscillate  coosideraMy  the  column 
mnat  be  halted  and  not  allowed  to  rpBunie  its  march  nnot  the  swaying 
has  ceased. 

lOT.  Protection  ot  floAtlUK  faptdce*. — The  bridge  must  be  kept 
dear  of  drift  and  other  floBtlng  objects,  especial  attention  being  glvMi 
to  tbe  anchor  calilca.  If  the  objects  are  not  too  large  or  loo 
nanierouB  they  may  be  pasBi'd  under  tbe  bridge  by  men  working  with 
pfkc  poICB  from  the  plcra  aud  roadway.  Large  trees  may  be  diaposed 
<d  In  this  way  by  snwlng  them  up  into  logs  of  manngfnble  lenglli. 
Bloating  objects  may  be  prevented  from  striking  tbe  bridge  by  a 
niard  upBtream  or  by  a  draw  span  In  the  bridge  or  by  a  Boating 
boom  crossing  the  stream  obliquely. 

A  guord,  If  used.  Is  placed  about  1.000  yards  above  the  bridge. 
It  la  stationed  in  boats  at  different  points  across  tbe  streain  and  Is 

KiTlded   with   CBbleB.    KraiinelH.   anehora.   Uoga,    hammera,   anws,    etc. 
e  buBlnesH   of   this  guard  is  to  anchor   or  taw  ashore   dangerous 
drifting  bodies. 

Tbe  floating  boom  ix  coDstrapted  of  trees  united  by  cbaioa  and 
tOrms  a  coatmuoUB  barrier  to  sutfaee  drift.  Ita  general  direction 
ifaoQld  form  an  angle  of  about  -JO'  with  the  eurrent.  giving  It  a 
fength  almut  (wi.  sod  Ihrce-tourthB  times  the  width  of  the  Hver. 
-  ---001  Is  not  a  very  reliable  protection. 

™-rd  should  always  be  posted  at  a  floating  bridge  with  a  se-ntry 
'-td,  and  If  the  bridge  Is  long  at  intermediate  points.     Ben- 
out  the  guard  whenever  the  bridge  to  In  danger  from  any 
B  body  of  (lie  guard  should  be  stationed  near  one  end  at 
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directions.     Ther  will  eec  tliat  loadt)  greater  than  those  preBcritivil 
for  IhR  mrtlcDlar  bridge  do  not  enter. 

The  sBIcer  In  cliarse  o{  a.  HoBtlng  bridge  mnet  frequvutlr  Inspect 
the  cables  to  see  that  Che;  are  nut  chaQas  and  that  the  anchorit  do 
bM  drag.  He  wUl  cause  ruck  lashings  to  be  tightened  up  when 
they  work  looBe  and  see  that  boats  are  hailed  or  pumped  irheij  thej 
Icutt  OT  ship  watEF.  A  snltiitile  ifpot  o(  np&tri  haiku,  Soor  planks, 
cordage,  etc.,  should  be  eBtabllsbed  on  shore  near  one  end  oC  the 
bridge.     The  gvard  will  be  Btatloned  at  the  aame  end- 

Icr,  it  thio  or  rotten,  Is  a  serious  obstacle  to  croHSlng  a  Btream ; 
If  tblck  and  sound.  It  Is  a  vcrv  good  bridge  Iti-elf.  Boata  used  !□ 
li^e  muft  be  prciectod  witb  chunag  pieces,  espcclallf  near  the  water 
line  at  the  bows.  Heavy  ice,  rapidly  movlDg,  luakes  a  crosRlnK 
ImpractlDable. 

WKh  sound  [cc,  Intantry  may  pam  on  8-lnch  thickness  and  t;av- 
alry  oq  i.  but  wltB  large  Intervals.  Fleldplecea  are  safe  on  6  inchos, 
and  Ice  10  Inches  thick  will  carry  any  load  that  an  army  U  likely  to 

I^eda  laay  be  carried  on  lesser  thlckDesees  or  ou  unuound  Ice  by 
distributing  the  weights.  Infantry  may  cioas  on  lines  of  planka. 
The  wheels  of  wagons  may  be  skidded  va  planliB,  TVagon  boxes  may 
be  placed  on  boiirda  and  naed  as  sleds  to  cross  supiilleH.  Animals 
m^  be  hauled  across  on  platforms. 

In  ahallow  lakes,  springs  are  apt  to  cause  weak  spots.  A  path 
should  be  carefully  eiamlncd  by  chopping  through  the  Ice  at  fre- 
quent tnterrals  to  delermlne  its  thickness  and  qnallty,  and  when  a 
--'- k  is  fonnd  It  should  be  marked  on  both  sides  by  bashes  stuck 
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108.  A  few  types  of  barges  of  simple,  (juick  constrnetlon  are  shown 
In  the  plates.  They  are  asefnl  In  towing  and  lightering,  are  easy  lo 
manage,  and  ere  stHnch  In  rough  wenther.  Figure  194  shows  a 
barge  or  flying  bridge  used  at  Chattanooga  dorlng  the  CiTll  War  for 
crossing  men  and  wagons  over  the  Tennessee  Biver.  It  will  carry 
tour  6-uiule  teumn  and  wagonis  besides  Infantry  and  cavalry.  The 
cable  was  attached  to  an  island  above  and  was  supported  upon  three 
floats.  The  coonecHoo  with  the  boat  was  made  by  a  rope  with  both 
endx  fastened  to  the  end  of  the  cable,  passing  through  snatch  blucka 
at  the  bow  and  stern  of  the  boat  on  the  upstream  aide  and  aroaad  a 
windlass  at  the  middle.  The  velocity  was  controlled  by  tamlug  the 
windlass  to  give  the  hull  the  proper  direction  with  respect  to  the 
current.     Leebeards    near    bow   and    stern    were    used    to    catch   the 

Id  swICt  currents  the  scow  can  not  be  held  broadside  to  the  stream. 
The  roadway  must  then   be  insde  across  Instead  of  along  the  declc 
To  make  the  bridles,  altscta  the  end  of  the  main  cable  at 
of  the  bow.      Stop  the  bight  of  a  Une  to  the  cable  GO  to  1 .     ... 
the   seew  and   lead    its  ends    to   tackles  on   the   starboard  and   port 

bridle  is  'foimed  to  the  right,  and  by  the  reverse  process  a  btldle  is 
formed  to  the  left  (fig.  185e).  If  It  be  desired  to  stop  qnlckly,  as  on 
loading  or  evaldliig  floHtleg  objects,  let  both  tackles  go  and  the 
Hcow  rides  at  ease  os  the  main  cable. 

Flgnre  IBG  shows  a  smaller  bargi-  than  the  preceding.  It  Is  oper- 
atea  by  the  force  of  tha  cnrrent,  hat  by  means  of  a  traveler  or  trolley 
ruaaltig  •■>  a  cable  stretched  across  the  stream.  It  will  carry  two 
Heldplecea.  with  four  horsee  each,  aide  by  sl^.  It  dltfcrs  from  the 
former  one  in  having  the  floorlag  on  the  bottom  of  the  boat  Instead 
oT  belBg  decked,  t^or  temporary  use,  loose  planks  called  duKHaae 
can  be  laid  on  the  betCon  frames. 

Figures  198  to  199  show  a  type  of  barge  eafdly  built  by  ordinary 

carpentei^     It  Is  best  built  bottom  side  up,     "' '-■• 

or  near  the  ground  parallel  to  each  otUev  a 
with  tbejr  upptir  tjldes  la  a  plane,  boikiQC 


talld  (he  iDtermVdlnte  fra'm'es'ln  tbelr  reMtive  poBllioDS.  alEo  upside 
liowD.  FlauL  the  bottom,  making  clDBe  JdIqIb  oq  tbR  iDElde  and 
beyellnB  the  plan  at  the  euces  eo  aa  to  have  a  i  to  i  inch  open  seam 
uii  the  outulde.  This  la  taned  oulgange  and  fat^UltiiteB  celklhK.  Put 
on  the  head  blocks  and  the  corner  Irons.  Tbeo  kbIK  and  Hts;  tlie 
gonwalea  bj  spiking  a  taw  deck  planks  on.  Slide  the  barge  Into  the 
water,  still  bottom  side  up. 

Cnlblna:  la  done  with  oaknm  or  cotton,  which  la  driven  Into  tba 
seam  with  Che  calking  tool  and  calking  mallet.  Oaknm  cornea  in  balee 
and  iDU9t  be  picked  Bud  spun  hetore  use.  Picking  Is  the  proceaa  of 
loosening  up  the  compreased  fihcra  of  the  oakum  bj  pulling  aod  beat- 
ing. The  loose  oakum  la  epim  b,T  rolllDg  It  Into  a  cope  or  strand 
aaually  under  one  hand  bctobb  the  knee,  Icedlng  the  material  from  the 
looue  pile  wllh  tile  other  hand.  The  epun  oakum  Is  1  to  I  Inch  diam- 
eter, acL-ordlng  to  the  thickness  of  planks  and  slie  of  aeama. 

Calking  cotton  comes  In  a  Btraod  wound  Into  balls  and  la  ready  toi 
driving. 

Seams  shonld  be  well  filled  with  material  driven  hard. 
In  recalking,  the  old  work  ehoald  be  horeed  op,  which  la  done  bj 
driving  it  In  with  the  large  tonl  and  a  sledge. 


_n  IB  finish „   . ^ ^ 

Certain  marloe  animals  destroy  ealhlng  by  eating  tbc  oakmn. 

may    be  prevented    by   laying  a    strand   of  hard-twlated    rope,    ca 

ratline,  oD  tha  top  oi  the  eeam.  neiiured  to  the  planks  by  staples. 


wide  atrlps  of  wood  may  be  ased. 

n  the  barge  ove     


Ida  ennwalea,  pass 
lovel  earth  —  ■' ■" 


edge  of  the  b 


tlcaliy  snbmerged.  then  Black  nR  the  upper  line,  allowing  the  npner 
end  to  swing  out  Into  the  stream  until  the  barge  lies  with  one  end  to 
the  baDk  iastead  of  the  side.  Hold  faat  both  llnei  and  the  current 
will  right  the  boat.  A  depth  ot  water  of  somewhat  more  than  half 
the  width  ot  the  boat  and  a  current  ot  Ij  miles  per  boar  are  necea- 
sary  to  the  success  of  this  operation.  It  Is  most  conreniently  done  at 
the  shore,  but  may  be  done  In  Ilie  stream  or  In  slack  water  If  a  tag 
ot  other  means  Is  available  to  set  a  strain  on  the  llnea. 
lOa.  Bill  of  materlala: 

Gunwalea,  3  pieces,  *  by  12  Inches  by  40  feet. 

GuDwalea,  2  pieces,  i  by  12  Inches  by  37  feet. 

Gunwales.  2  pieces,  6  by  12  Inches  by  33  feet  3  Inchei. 

Head  blocks,  2  pieces,  8  by  8  inches  by  10  feet. 

Knees,  6  pieces,  4  h;  6  Inches  by  3  feet. 

Struts,  *2  pieces,  2  by  4  inches  by  2  feet  10  inches. 

Braces,  4  pieces,  2  by  4  Inches  by  T  feeL 

Tlmbecheads,  4  pieces,  4  by  6  inchea  by  4  feet.  oak. 

Dock  stringers.  S  pieces.  4  by  (t  Inches  by  40  feet 

Floor  stringers,  3  pieces,  4  by  8  Inchea  by  33  feet 

Bake  stringers,  6  pieces,  4  by  6  inches  by  6  feot. 

Bottom  planks.  45  pleei-s   2J  by  12  inchea  by  10  feet. 

Deck  planks.  43  niece*.  2  by  12  inches  by  10  feet. 

Driftbolts,  20,  S-inch  by  3  feet  10  inchea. 

Driftbolta,  4,  l-inch  by  2  feet  6  Inches. 

Driftbolts,  41  by  12  Inches. 


iv  i: 

k 

ib6 

-_.  250     

Is,  4.  A  by  4  Inches  by  4  feet, 
•-hesd  spikes,  40,  1  by  4  inches. 


-- — .  -.  I  by  _ 

carriage  bolts,  20,  1  .,   ,  . 
Carriage  bolts.  12,  I  by  12 
Spikes,  6-Ineh.  ISO  ponnds. 
Splhes.  5-inch,  2S0  pt 
Corner  hands,  4.  ^  [>j 

Oakum, 

Pitch  or  aeaui  paint,  S  galhms. 


-ci^pV 


Me  BROINEEB   FIEU>   KANTIAL. 

ffllpiri""  ^W  to  5ni!  ftinw  u  nkllT  eBBllj-  conntmctfd  and  valuable  tot 
a.  nuni'"T  "'  |jiir|ju,.i»       it  may  be  18  to  28  feet  loog.  --■- 

I'l.  I.  'iiiv   a   dMlgn  tor   a    lOO-foot    bnrge.     Tht» 

linriri  ■••<*  tbna  any  ot  tite  precedlag  and  Booie- 

Wh'il  instruction.      It  waa  deglgnKil  apeclally   [or 

cnriviii  iiHcCut  In  b^avT  water  Iran  spuria  Hon  ) 

(bo  IlmliH  iir  nnllniitt    i'i>iiut>  curpi-ntri'.      It  sliould  be  built  on  m 
top  NlOe  up,  ttud  [ilunki-iJ  troui  bvlow. 

CANTILEVEKS. 

110.  A  onnlllevpr  li  ■  projactlng  or  ovorliaaging  gunport,  t" 
mimng  all   nf  Iti.  load   to  one  r-  '- 

Thi-  Mi>tllfn;r   [iMnclplB   may _   ._ 

for  abort  iiianH  and  laDdcrate  loads.     Borne  trplcnl 

In  llBiiicH  aOfi  to  aia.     The  main  nolnts  1o  be  obmv  ,._ _. 

nmxfniiiui  i,n>-8iirB  on  the  abutment  la  ureater  than  the  baavloat  load, 
ttVB  and  dvad.  on  the  projecting  part  of  the  eantllevor ;  tbat  any 
"iCtlnmnnt  i>I  the  abutment  I'niiaea  a  Rreater  dlaturbaace  of  th* 
'"-       -  "iI  tbat  the  ««liiht  or  realatauce  of  the  anchor  mnltiplled 


ax 


-.  -..  dlabinGu  from  the  abutnii-nt  must  be  grfattr  than  the  greatest 
OOncMtlWtad  load  multlulled  b;  the  length  of  tbe  projecting  part) 
or  Iba  |(raat«A(  uniform  loai]  multiplied  b;  ball  that  len^b.  ' 

If  llii^  BiichoraBo  la  beneath  the  beama  bb  In  flgurea  200  and  210, 
tbfl  rondway  may  be  laid  dlreotly  upon  them.  If  the  Bnehorage  Is 
nbovR  Ihs  iHNiniB,  ai^parate  road  bnarera  must  be  provided  retting  on 
li'unaiiNiH  currli'il  by  the  cantlleveia,  and  bliib  enoujtb  at  the  Inner 
end  to  pnsB  over  tbe  unchuraiie :  or  the  oantUeTcrs  may  be  at  tbi 
■Idoa  only,  na  la  ninirDi  ^11   and  ^12. 

ffnar'  (n  tirlfid  tbat  the  iiojt  tond  of  a  eaalllever,  concentrated  ot 
uniform,  la  nuv-fourth  of  the  eorreapandlag  uite  load  of  the  same 
■(cam  BUpnorted  at  botb  ends  with  the  same  span,  and  tbat  tbe  0*- 
ilai.'KiHi  of  the  enntllnvur  nnder  any  toad  less  than  (be  safe  load  will 

under  tba  same  load  wben  auppurted  at  both  end*.  Much  greattt 
TlbratloiiB  must  be  eipe<^ed  tbnn  In  girder  or  trass  bridges. 

ir  tlia  two  csDtlleTera  meet  at  Clio  middle  ot  tbe  bridge  Uiey  muet 
ba  flutened  tuaetbvr.  Tbls  duuMi's  tbe  safe  concentrated  load  fta 
tb«  brldlM,  naktaiB  It  equal  to  one  halt  tbe  safe  unlfomi  load  of  both 
Mlitlli'*urs  iDStead  ol  one,  or  oar-bntf  the  safe  concentrated  load 
on  a  beam  of  tbe  slie  and  length  ot  one  cantilever  supported  at 
both  cndR. 

Whi'D  separate  road  bearers  are  used,  tbe  transoms  are  belter  ai^  ■ 
TaQ)n<d  so  (bat  there  will  he  a  middle  bay  resting  one  end  on  eadi  I 
canFllevcr  lOas.  311  and  :ll3i,  I 

If  tbe  cnaHlevers  do  not  meet,  the  gap  Is  flitrd  by  a  irtrder  or  trnsa  ■ 
suvp4wt«d  liy  tbe  ends  of  tbr  cantlleTera.     Thla  arra  n^:enient  may  ba    I 
uanul  to  eUBt  tlmbn*  too  abort  to  span  the  gap  liave  to  be  used. 
To  get  the  mutmum  strength  tor  timbers  of  a  given  alie,  the  caotl- 
■•V«rs  should  be  an«-«cieDtb  and  the  girder  ttve-seveaths  of  the  span. 

111.  Wlieo  Olijorta  of  anniclaat  mass  and  stability  are  aTallable.  the 
wuntcrbalanet  Is  not  necessary  sod  tbe  nnttleveni  take  the  form  qf 
bracKeta  tlUc-  S18I.  If  the  oppodle  brackets  ae*t  and  are  weU 
conniTVHl  the  siriiciiiri'  Itrnaien  of  the  spar-brldpe  type,  and  there  la 
DO  oveniinilDg  nHimvnt  on  the  abutment*.  Abnlmenta  which  will 
Buslnln  tbr  wpIeIii  of  the  raatlle*ers  tbem^lves  and  the  workins 
parlli-K    ln-(iirr    tbvy    are   coanected   will   permit    tbe  cnBatmctloii    of 


,  bridge.    Tbe  iwo  brackets  on  tbe  same  side  ahoald 
...^    [>r    d^niionsls. 

IIS.  The  hoTlmntal  sad  Inrlfned  members  of  a  t»«eket  are  sln^e 
'T  iMltt  lip  as  may  Im  (Mat  coBTeBleat.    Tttey  are  connected 
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ehqhieek  field  nuinrAx. 
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840  ENGINEER   FIELD   MANUAL. 

by    Ball    plates.     Tlie    vertltul    lotinbor    Is    best    mada   in    ^ 

The  parta  should  be  accnrately  aaaembled  on  [be  gcound  snd  bored 
for  the  bolts.  The  flsli  alatre  are  bolted  to  the  strut.  Place  tlu 
Btrut  between  the  verticals  and  tonnett  them  at  the  lower  enda  6y 
B  Glugle  bolt.  Launch  tbe  three  over  tbe  edge  of  tbe  wall  or  baniL 
BQd  lower  until  tbe  tops  ot  the  tle>4  are  at  tbe  proper  helslit,  and 
make  fast  bj  an  nailUary  piece  bolted  or  laabed  to  the  ties  on  the 
outside,  leavlDg  the  Kti'ut  free  to  rotate  Bbout  the  bolt  at  Its  toot. 
Then  raise  the  end  o£  tbe  beam  to  the  top  of  the  strut  and  connect 
by  one  bolt.  I^uiich  out  the  beam  until  its  Inner  end  falls  In  plaea 
between  ttie  tics.     Then  set  all  the  bolts  and  tighten  u- 

TRUSS   BRIDGES. 

11.^.  A  tTouf  la  a  compound  beam  tbe  parts  of  wh!e 
poaed  aa  to  form  one  or  more  triangles  in  tbe  same  . 
triangle  la  tbe  only  tlosed  Hgurc  which  1b  rigid.  Four  a'Tcn  side* 
may  be  formed  into  an  Inflnite  number  of  quadrilaterals,  an*  simi- 
larly for  a  greater  number  of  xldeB.  It  is  only  the  reslatauce  ot  tha 
Joints  to  Mndlag  which  preventa  the  distortion  of  any  of  " 
niren.  nr  Its  I'mmnlelp  collnnse.  But  a  given  three  aides  CB 
only  one;  hence.  If  the  Joints  di 
can  leave  the  poaldon  In  which 
piBcea  lor  anotner  in  tut;  same  plane. 

Eieept  in  some  o(  the  almpient  forma,  tbe  parts  of  a  truss  art 

Jected  to  teuBion  and  compression  only,  transverse  strains  being  nrac- 
ticallr  elimiuBled.  For  this  ceaaon  parts  can  be  combined  into  a  truss 
of  much  greater  length  and  supporting  power  than  a  possible  single 

114.  The  simplest  form  Is  the  truaeed  heom  In  which  a  part  of  the' 
load  Is  taken  up  at  an  Intermediate  point  and  transferred  dlreecl;  to 
the  ends  iQgs.  'ilS  and  2ie|. 

In  the  king-poat  truss  <dg.  214)  the  upright  member  is  in  tensloa 
and  carries  one-half  the  gross  load  on  the  truss,  or  one-fourtb  tba 

eross  load  on   tbe  bridge.      One-balf  (if  this,  or  one-eighth  the  i 

load  on  the  bridge,  is  transmitted  in  compression  by  the  Inclined  al 
from  the  apex  A  to  thi>  enUa  oC  the  beam  at  B  and  O,  causing  al- 
as shown  In  Table  XXX. 

In  tbe  gueen-poet  truss  [flg.  216)  two  pointa  of  tbe  beam  are  sno- 
ported,  forming  three  equal  Gaya.  The  counter  braces  In  the  mldi^e 
panel  are  treguciilly  omitted,  nod  the  rraultlng  comblQUtloo  of  two 
triangles  and  a  parallelogram  Is  not  rigid  and  is  not  a  true  tmsa.  A* 
balf  of  the  bridge  is  loaded  the  other  bulf  tends  to  rlae,  permlCtlnC 
the  loaded  hulf  to  sink,  the  beam  taking  the  form  of  an  S.  If  tha 
beam  he  allff  enough  to  withstand  this  double  bending  effect  the  bridge 
will  be  safe,  but  no  stronger  than  If  the  beam  were  divided  Into  two 
bays  Instead  of  three.  In  this  form  each  post  carries  one-aiith  ot  the 
total  load,  dead  and  live,  on  the  bridge,  all  of  which  Is  traosmitted 
dlowo  the  corresponding  strut. 

lie.  Tbe  Htrenaes  in  klDg  and  queen  post  truases  depend  upon  the 
load  and  the  <nBHnaHon  of  tbe  struts.    The  load  may  be  stated  In  tons 
~     '        '  "      bridge.     The  inclination  of  Ibe  struts  Is  rep- 

:wcen  the  height  of  posts  and  [be  length  of  bay. 
in  rods  and  atruts  there  Is  a   tenmon  OD  the 
le  sEime  vrav  aa  the  other  stresses,  aud  sufficient 
given  the  ^eam  lo  withstand  It,  In  addition  to 

'ngth.     In  tbe  queen-post  truss  tba    j 


BBIDQES. 

Fig. 214  FI9.215 


King  Post  Truss  Queen  Post  Truss 


Fig. 216  FiB.217 

Inverted  King  Post  Truss  Inverted  Queen  Post  Truss 
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EirailTEEB   7IEXI)    UANTrAX. 

TiBLK   XXX. 


lothelght  ot  post  tolmptli  otbaj 


Table  XXXI. 


tXnmetn       TvnlU 


U^ 


l4Mil£ti  iiiicb  A  IrnjiB,  determine  tbe  span  aad  i 
iSet,  nnd  from  them  the  total  load  on  the  bridim,  i.s«i 
XXXl  tbe  t\T.e  of  the  fofi  covrespundlag  to  the  load.  Thta 
■  factor  ot  safely  of  4  for  kSu(.-p"st  aud  6  fur  queen-poat. 
■d,  dlTldp  the  load  hi  the  teoalle  atrensth  of  the  woo^ 
"      "■       rcBult  Will  ■■-  ■■'■ '—- ■ •■—  ■-' 


ume  heLeht  of  pOHl 
SL-e  of  red,  ■fsbl. 


BRIDCIBS.  -  HS: 

"f'-its,  divide  tbe  leugtli  o(  poat  by  length 
:  cDter  Table  XXS  and  take  out  ttie 
lector  tFom  miumn  :i  lur  King-post  or  column  4  (or  queen-post  truss. 
Multiply  the  load  by  the  faotor.  The  result  will  be  tbe  mBilnmni 
stress  on  the  BlruL     With  the  length  of  strut  enter  Table  IV  und  tnlta 

Slicks  of  this  bIkc  will  g^e  a  factor  of  safetf  of  S. 
Multiply  tlie  load  hy  tbe  faeUr  In  column  3  or  5, 
respouilLDR  CO  ibe  Inclination  of  the  strut  already  found, 
result  will  be  the  strt«a  (teoalonl  on  the  beams.  TlWUle  t^-  ol.,^. 
by  llie  teoslfe  Htrenstb  ot  the  material,  Table  II,  columa  3.  Ttie  re-  . 
suit,  moltiplled  by  5,  will  be  the  siiuare  Inehea  o(  cross  section  to  lie 
allowed  for  this  streBH,  with  a  factor  ot  safety  of  K.  Unless  the  posts 
are  sbort,  ttila. strain  may  be  negleQted. 

" — ■-■ le-fourth  the  lend  applied  uniformly  to  ooe-half  the  beam., 

"    '     ue-Blith  th«  load  t"   —  -..,--.  -l-  : .—  

s,   as  In  paragrapt 
tneth.     Add  tbe  ci 
ensile  strain.     The  sum  will  be  tbe  entire  cross  section  of  the  beani.  ■ 
119.  KxBinpIe. — To  dcai^n  a  queen-post  truss  tor  a  apan  ot  4S  . 
Ket,  a  dead  load  o(  150  pounds,  anil  a  lire  load  of  R50  ponnda  per 
......_    ..    .  ^^^  ponads  gross.     Total  load,  45,000  pounda.     As-, 

i  at  10  feet. 
XXXI,  11  In.bes  diameter;  or.  If  wood  be  used,, 

Bbn  of  poatt  (yellow  pine),  -j^goo'  ''"''''*  ^''  column  3=5  squall. 
Inches  area  of  cro«a  seellon.  A  larger  post  with  excess  ot  strength  i 
would  lie  used  to  give  better  joints. 

Bige  of  sfrirt».--^elght  of  the  post,  10  feet  -h  by  length  of  bay,  i 
15  feet,— 10.67.  From  Tnble  SXX,  column  4,  oppoKlte  O.TO  in  column  i 
1,  take  factor  0.29.  4D,«00  mulUplied  by  0.29—13,050  pounds—mari- ; 
mum  stress  on  each  strut.  Length  of  striits=»yiB'-^10'^18  leet. 
In  Table  IV,  opiioelte  18  feet  In  column  1,  tbe  load  18,333  pounda 
correspondH  to  a  post  8  hy  8  Inches,  wblob  ts  tbe  minimum  bIzg  for 

LOTiBitudlnal  Ktrten  on  heom. — Multiply  45,000  hy  the  factor  0.24 
in   column   B.  Table  XXX,  corresponding  to  O.TO  In  column   1.     The 

result,  10,800  pounds,  is  the  longitudinal  stress  on  the  beam.     

divided  by  Ibe  tensile  strensth.  O.OOO,  give-  ■  ■■  .-...—   - 

multiplied  by  a  factor  of  safety  of   5  gh_.    .      .. 

aildeu  to  the  cross  section  of  beam  on  account  of  tbl,. 

For  iran»ver»e  ttrength  of  BtOni.^One-sIitb  of  load,  7,tiO0  pounds 
iinironnly  distributed  ove^  a  clear  span  ot  15  feet,  breadth  two-thirils 
of  depth,  tequlrcB,  by  Formula  A,  paragtaph  13,  b  beam  e.'i  by  0.3 
iQcbes-^ST.Oe  sijucre  inches.  Add  tne  area  to  reslat  teaslle  alrnln  on 
the  beam,  G  square  Inches,  as  found  above,  and  there  results  e  totul 
crofis-sectlonal  srca  ot  63.66  Square  Inches,  or,  in  practice,  a  beam  7 
by  10  [ncben. 

compression  on  the  upper  chord  nr  straining  beam  Is  the  same  as 
—  ,  .jKlon  on  the  lower  beam  lu  SLO  p  on  li  fts  1  ni.th  Is  15  feet, 
and  from  Tabli.  I\  a  "  by  "  Inch  atl  k  Is  foun "  ■    •  '      ' 


t  Dxlon  on  the  1dw< 

from  Tabli.  Ha" 

Eath  truHB  will  tlen 


4    iLLt  clear  spall,  not 

-      .wo  struts  18  (eet  1  db 

lets  than  7  by  7  lochea  In     r     'i  >;     i     n        n     i.        nlut.  beam    1-^ 
lone   rrnl  Jcs"  than  T  bv  "    n  ^(1  tno  rods 


7  lILCb  8   air  Inlni,  beams      b         u  -u  u  I    double, 

each  half  3  h*  Vlneh  s.  or  (Ifc     Ifo  ijllln     M    -Iruta  fi  by  8 

Inches,  straining  lieama  tl  by  8  Inches  and  posts  3  bv  7  Inches  double 


leet, 

i  bptwpen  truswaL  <i|l 
— B  Htrlnapra  Bhimld  W^J 
r  single,  and  30  loahdLjfl 

'■  I  ■  ii'i   iii'in  fli'ufiranl  to  take  trana 
i~  iimii  W  [ilniiil  nt  tli«  piiD«l  points  o. 
■'■■I,  iia  1u  fluure  -32,     SuL-h  n  tnnsom 
"  llip  lonil  on  OOP  apBB  of  lh«  brldsp.    T1 
t>',   UlUBl  b«  Incrtnsrd   In   !>Ue   tor   their  K 
1.  I'oM  IrtR*.  It  trill  bp  necfisaary  to  Intr  ^ 

i'l-n  which  0)«/  ftp  ■mailer  than  tli»  ■ 

iiil  thr  otiift-  tw  mndi-  In  two  plecfs  so  tUtll 
ihi'  oRiQc-  pUno  (till.  2321.  ^1 


■''■'''■  BaiiJfiEs;'' "^ 


atS  XNQIHEEB    FTELS    MAWTTAL. 


TfiimiummiiiiinrTrTriTnff  t 


ENOmEEIl   SIBJJi  SUHUAL. 


3 

d 

1 

t  =  S  SSs;  i°~  »  £2              ?  2 

to  Id  i>  >  bi  i»  V.  *«  1,  B  ■«  '*-^  i?  ';«  a  D 

1 

j 

...  i  •    .XVSOaVS..    -7,.  2*9 
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124.  DlHtuiw  Id  teet,  ceDler  to  teoter,  between  sfrlagcrs  or 
beaniH  to  carry  a  fllstrlbut«d  load  of  100  pounds  per  snuare  toot  of 
roadwH;.  Ini^ludlnE  llg  own  weight.  For  oLber  loads  divide  the  tattu- 
Inr  niimbpr  by  tha  BRSumed  l(wd  per  square  toot  mid  mulUply  bj  HM). , 
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or  ballu  1b  4  &»  12  Incbes.      How  m 
h  baj  for  a  12Joot  roadwiiyj     The  ti 


between  balks ;  therefc 
naiKE  in  each  bar.  If  11-lnch 
spaelng  would  be  4  feet  and  tl 


J  glTCB  a  Bpnclng,  c 

e  there  will  be  fnur  spaopi 
round    timbers    were    aval 


.  Either  B-tD?h  round  tlmi 
e  cap  of  a  pile  bent  U  . 


13  Incli  rectapgular 
.   two  plies,   10   feet 


Wbat  Bixe  of  cap  1b  required?  Opposite  "15.2  feet"  In  colon 
"10  fwt "  Is  found  the  raioired  slic.  B  by  12  Inches,  for  the  ca 
iDtermedlate  alzea.  ipaiis.  and  spaces  may  be  found  by  sli&^Viii  Sxcu 
poliitlou. 


C'.o(i<^IJi 


sso  xiraniEEB  field  uanu^. 

Th<;  tnllnwiDg  asBumptloDB  BimpllCj  tbe  problem,  trive  safe  results. 
nnd  arp  Id  liccord  with  tlie  usual  fondltlons.  The  bfllliB  nre  aaanmed 
to  be  30  Bpaced  tbat  the  load  pf  out  one  wbeeT  Is  traoHmltted  by  tbe 
HoarlDg  to  nt  least  two  balks. 

Wlien  the  spana  of  the  balks  1h  less  than  twice  the  lonstb  of  wheel 
base  of  the  carriage  the  greatest  straia  of^curs  when  the  heflTJest 
wbecl  loads  are  at  the  middle  of  the  apan.  When  the  Biinn  of  the 
balks  la  more  than  twice  the  length  of  wheel  base  of  the  carrla^ 
each  wheel  ie  eiipposed  to  have  a  load  eqiiHl  to  the  greatest  wheel.  . 
load  of  the  carrtBge,  and  the  strain  fa  greateet  when  the  center  ol  the*  I 
carrlnge  Is  at  the  middle  of  the  span.  .    1 

For  Llgbt  Artillery  and  Array  wa^ns  the  heavleet  wheel  lend  iv   ■ 
"  ""  pounds.      Add   one-half  the  welRht  of   the  flooring  carried   by 


E^lkf^rVlei^ 

rtlllery  applied  la  like 

manner  with  a  wheel  Mse  of  8 
TAjiiii  XXXIII. 

feet.            ^ 

12fl.  Slz^    of    ronnd 

ana    cectaniulsr    talks    and    maximum    Ufa 

ana  In  feet 

for  wagons  and  Artillery, 

Rmxid, 

Hectan- 

Maamum  sate  spans  in 
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BBIDQES.  eSL 

of  the  balks,  Conrentratpd  wheel  loniia  will  caaae  the  greatest 
8tree»eB,  anS  Ibem  may  be  taken  ati  ],U00  puundn  UD  one  wbcel  toi 
naKons  and  light  Hrtlllerj  und  3,^00  pouuila  OQ  one  wheel  tor  tkge 

Tablb  XXXIV. 

126.  Thickness  of  flooring  !□  laFbes  to  carry  wagons  and  artillecy 


Dbtance 


Waeooa  and  light 


For  a  footbridge 
takei    as  one  half    b.     , „ _      ^_ 

1.9  Figures  4j-  4  reproduced  y  perniia&lon  fiom  Plate  111 
War  Department  Liocument  T«o  "  3  ISOS  Bhow  interesting  featoce* 
of  field  brldgea  built  by  the  ' ^..-.._  ...-  ..—  .      . 


by  the  Japaneee  during  the  Man  I 
ron  and   the  very  general  employmi 


may  be 


•>  0  BHi   ''21)    !s  a  BuperpoEltlon 


.   prn  tlcable  In   the  .^    . 

el  a  posts  Ehi)  n  la  Gj,ufc  1  Id  this  ca-ie  all  the 
, made  of  eiinHl  length  to  torm  the  s  pports  of  the  road- 
way A  primary  post  supports  the  middle  wbkh  be  omes  s  central 
s  pport  tor  two  b  c  ndary  truises  and  the  two  points  supporied  br 
the  Becondary  posts  BB  become  In  turn  supports  t  r  four  tirtlarv 
tr  ESes  CI-  ajiif  brj  on  The  at  esa  ' 
ont  as  in  paragraph  IIS      The  a 

the  bridge  for  the  secondaries  nn  i 

details  of  tabtenings  are  ahonn  In 

1   1    Ibe  HoiTC  trims    (^g    2 

two  parallel  cho  ds    u  uallj  cont        

posts  In  teQBion  into  equal  aanels  each  of  which 
.1.     —   -  5    -  jjj  conipresiio  - 


IE  throueb  th    . 


ha  d 

I     1      i  ol  • 


I 


,  SPECL4L  FORMS. 

lU:  'PiiiUt«ll'233  to  23S  show  a  doitble  bowstrlOK  trusa  wlilcti ' 
can  bn  construeM-d  of  tomnion  boards  and  nalla,  or  evtn  wlch  boarda 
aud  piDB.  It  does  not  posscsa  ailvanta^es  warraniliie  Its  adapUon 
ivlien  materlalfl  lor  ElaBdajd  trasses  cau  be  procuri-d  with  eqiial  cuo' , 

Lsy  out  the  truss  by  drawing  on  the  ground  two  arcs  o(  circles  cor-' 
nsponding  ta  <be  Inner  BurCacPB  of  the  chords  wltb  a  radius  two  and 
oue-haK  tTmea  the  IcuBth  of  tbi'  trusH.  Along  these  art-s  drive  stakea, 
arauDd  which  bead  the  boards  and  nail  securel.T  to  each  other  but  not 
to  the  Htakfa.  The  boardu  arc  1  b;  12  Inches ;  the  upper  cburd  has 
five  layers,  the  lower  six.  The  lioarils  break  butts  and  are  nailed  abont 
every  4  inchoa  with  10*.  nails ;  bolts  or  B-inch  gpiken  sboiiUI  also  ba 
driven  throuRb  tbe  lower  cburd  at  Intervals  ol  Q  to  12  ini^hes.  BelH- 
1  inch  diameter,  set  an  tight,  am  the  beet. 

The  truss  tH  divided  Into  10  panels  by  posts  or  2  by  IS  inch  plank 
nnd  tie-rods  of  H-in^'b  iron  at  each  panel  point.  Main  ami  counter 
braces  of  2  by  12  Inch  plank  are  used  Id  all  the  panels  eicept  si  the. 
ends,  which  are  ailed  solid  for  about  4i  twt.  The  chordc  arc  obIIhI  to 
the  blocks  and  the  ivhole  bolted  throagh  from  top  to  bottom  with  flvs 

It  wUl  be  found  advan 
of  pitch  and  tat  before  I 
between  them. 

TabLb  XXXVI. 

142.  Bill   of  materliils   required   for  two 
pla.iilf  trnanea  for  each  Teot  of  apan : 

Lumber,  1  by  12  Inches,  30  feet  b.  m. 
Lumber,  2  by  12  Inches,  12  feet  b.  m. 
Lumber,  2  by  S  Inebes,  9  feet  b.  m. 
Malls,  lOd.,  2,5  pooads. 
NaUs,  2nd.,  1  pound. 
Spites.  S-iuch,  1  pound. 

— --  rods,  li  incheHlr  '• —   -" 

bolts,  i  by  6  — ' 

e  quantities  a   .     .. 

estimate.     The  truss  built  aa  described  v 
pounds  per  foot  on  a  span  of  60  feet,  i 
sharteP  spans. 
Tbe  roadway  can  beist  Iw  cnrrlnl  on  th 
■ "  ■        1  the  posts.     The  middle  i  " 


1 


^B^OSts, 


It  may  retJt  dJreclfr  on  tlie  chord.    Those  at  thr*i',  four,  aud  li-n  tentinr-    i 
of  Ibe  spall  from  the  middle  on  each  side  shoold  be  blocked  up  trtami 
the  chord,  O.OOB,  0.010,  and  O.OIS  of  tbe  span,  rcspecllvely.     This  t — 
ranECBient  gives  a  cnHiber  of  one  thlrty'fifth  of  the  span.     Wltb  t 
roadway  oQ  top,  tbe  tmsaea  must  be  cross-braced  with  ;i-lncb  tflasli 
IniiicBtcd  In  flgtiro  285. 

If  it  is  aecc!(sai'y  to  keep  the  trusses  m).  as.  for  exnmple.  to  get 
above  high  water,  tlie  rondwiiy  may  be  carried  betwci'H  or  belnw  tbera.n 
IE  between,  bolt  the  transoms  to  the  posts  and  citenil  ihem  bcyund  f- 
tmSHes  for  enough  to  reMlve  steaijying  braoea  (flc.  28;;).  Tbe  e 
traDBoms  may  rest  on  the  HbutmMits  and  the  nc.tt  ones  to  tbem  on  t 
lower  chord.  Stretch  ft  line  between  the  tops  of  tbe  two  which  re 
or  the  chord,  raise  this  line  at  the  mWille  post  l>,v  the  amount 
camber  desired,  and  nuirk  on  eneh  Intirmediate  post  the  poiut  w4i( 
the  line  crosses  It,  wblih  will  be  the  top  of  the  traowini  on  that  no 

By  aupportlug  the  eaits  of  Qie  tmaa  oti  posts  or  piers,  the  roadwi 
may  be  rnrrled  at  or  below  tJie  bottom.  The  middle  transom  sUou 
>!■•  !)rid  flnnW  BBSlaat  tlitf  bottom  of  the  chord.  The  nert  one  ■ 
iM?^  Bfde  win  be  bolted  to  the  chord  through  a  block  0,003  et  t 
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spnn  In  thlcfeneas.  These  Itre?  transoms  should  eitond  bejoni 
trnases  to  recelTe  steady  braces,  Ibe  second,  tbird.  and  fourtti 
soms  on  each  aide  of  tlie  middle  nlll  be  buog  below  the  chor_  ., 
bolts  or  leahlngB,  with  clear  lntert»lB  between  bottom  of  chord  and 
top  of  transom  of  0.018.  O.OSB.  and  0.082  o(  tUe  span  respecUvely ; 
thlB  arrangement  ylvee  u  camhcr  of  one  thlrtj-flfth  of  tbe  span. 

The  -three  floor  ajatems  described  are  shown  in  flgure  234.  If  dl- 
meoaiott  timbers  can  not  be  had  toT  transoms,  they  may  be  made  by 
nulling  Inch  toards  togetber.  it  such  timbers  are  used,  they  muat  be 
■et  wilihthe  bourdfi  on  edge  and  stnyed  against  lateral  bending. 

lis.  Tbe  littllce  trama  (flg.  236)  may  be  hiiilt  entirely  of  2  >»■  A 
Inch  planks  and  wooden  pins.    The  latter  wfll  not  be    "  "  ■-  ■   ■■ 


s 


jkches  thick  ana 

e  placed  about  2)  feet    . 
'--     -  '--■'1,  depi'ndliig 


LChea  wide,  according 


joe-aeventb 

fraction  will  he  referred 
usually   passed  aver   ele 


the  E 


_ .  e  pinned  or  bolted  to  the  Opper  and  lo*M  a 

of  tSe  famce  ss  Indicated. 

If  the  roadway  be  on  the  lower  chord,  Ita  upper  edge  must  b 
placed  that  the  trausom  cun  pass  thniugli  the  JatUee  and  rest  on 

The  lateral  hracinn  mny  be  as  described  for  other  trugaw.  ant 

very  important,  as  a  chief  defect  of  the  latHce  t '-  '—  *"^-' 

lateral  BtUInesn. 

The  lattice  trnaa  ma.v  he  oaed  for  liighway  brldi 
span  with  depth  of  one-slxtb  the  span. 

SUSPENSION  BRIDGES. 

144.  In  thlB  type  of  hrldge  I 
cablea  stretched  from  hank  to  ha 
ings  called  ancliorsiirea.  The  ci 
the  sag  the  less  •■■-  • — '■ —    ■-■ 


it  point  above  Ihe  roadway,  ^he  parts  Of  the  cadle  betweanT. 
Towers  and  Ihe  encbarages  are  called  backelayg.  The  connectlDn  Bi 
twecn  cables  and  roadway  la  by  roda  called  guapendcrs,  tiea,  or  ■Ifnf 
The  latter  designation  will  be  uaed.     There  Is  a  sling  a'  — -■•  — "■ 

Tbe   principal   featurea   of   a    snspeDslon    bridge    are    Indicated  ^ 
Bgure  237.  '       , 

U5.  In  military  field  operations  the  auspenElon  bridge  la  MM. 
adapted  to  tlgbt  loads  or  long  apana  or  the  two  combined.  The  e6n- 
Btructlon    of   a    suBpeoslon    bridge  lor   heavy   traSIc   will    uauallj   be 

Impractlcabie  with  field  r— ' — --'      ""• .—.-.-   — -.„«__ 

carried  v 


Impractlcabie  with  field  eq 
briiige  must  be  carried  »1 
because  it  Is  Ughtpst  (or 
divisible  Into  small  portion 

I 


leld  equipment.  When  malerlals  for  noDSOBttnE 
led  with  a  column,  the  suspension  type  is  bm, 
St    for   a    given    capacity   and   Its    matettala    pm 


capacity 
aportallo 


T  ttanaportall 


ENQIKEEE   TtEI9   lUXVAL. 

Japanese  Field  Bridges 


.,  Google 
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Tensimonall 

at  Hlbar  tower 
in  parts  of 

Length  of 
moia  cable 
botw™ 

oral]  main 
cables  in 

(rfmCbe 
weight. 

AnRle  of 

cable  with 
bnHoDtat. 

defleclion 

multiplied 

by-_ 
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0S3 

09H 

■  fi 

1.3S 

ex 

S    67' 

1    « 
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2s.e36 

2S.fl00 
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i 

B  a  parabola,  which  it 
s  practically  the 


enongh   for   a(l   i 

tabli?.  the  curve  ^_ ,    „ 

which  laaj  he  tahen  from  tbv  slith  colamn  at  the  titblc. 

147.  HavinB  tbe  span  and  total  live  load  on  the  bridae, 
the  total  area  of  tbe  cables,  comimte  the  dead  load  aa  fa  parHgrapn  4 : 
add  the  live  load  to  It  nod  muKIpl;  the  anm  by  tbe  rB<:tor  In  colanid  S 
of  thp  table  corresponding  to  the  adopted  ratio  ol  fleflectton.  Multiply 
...._ ,4.  t„  ^M..  ._„. .  uafetj.     The  product  w!li  lie  the  nltlmate 

.o   (niwlhpr   ahnnlil    bjlTP.       Thla    divided    by 

mate  tennllc  utrenirth  of 
determined  from  Tables 

y  l-i  Hdmlasible  for  wire 
mogeneouB  lo  Bf""  "  — 


./Coogic 


■■••Is  inMilM  -yt 


I'.d'K     Err.Hi.T    .ir    Ifoo.    ](rTcii««    'ir    dfitreane    the    tabular    numbe 

fn*ntHI>l*i  ll''W  mnnv  Mo.  Ft  hI>.«I 
"uriK-ff  "f  n  hrllKn  'it  t'li  fft  iiriRn,  m 
IiumI,  llro  n(Hl  il"Hil,  of  mitl  nuiiiidH  i«r  

I  ii>in  tliB  tHl>|i>,  I'PTi  rr>t  NIMD,  N<i.  a  nleel  vlre,  take  44.  Add  tot 
"Iihuh'-  (if  rnll'r  nl  (lollri'l Km  rmnt  (  t<i  ,^,  |  or  1.  making  B8I.  Fw 
"ItniiHo  friiin  mm  III  IHHI  iMiiinlU  litod  miiltlply  b;  2.  maUug  llTl. 
ThNo  IipiI  pren  ■■■iiiilH-r  Klmyp,  IIH,  vlilch  Id  tLe  number  regulFed. 
ir  Inti  nUiltm  kip  iim'iI,  insh'-  fiii'ti  «f  llti  nlr^K. 

III!  'I'fMHioit  III)  hnobNlnyn.  It  the  catilei  are  free  to  more  on 
llii-  Ir.iiN  nr  <tii<  I'lWi'l-H,  llir>  Ixtinliiri  oQ  llie  backilayg  will  always  be 
Mm  pintiiii  nil  iTiHl  •III  llm  iiiMi'.  In  IIiIh  vbhc  the  tuwcrs  are  atatlonaiy 
Htiii  hIhmiM  I.>  ■■..•H.lr... 

If  ilii>  chIiIkn  miv  riKi'il  t'l  IliP  lii|iN  uf  tlie  towerg,  tbe  tenalon  od  tbe 
liiiik><<ii)'H  n|l|  |iB  Miihil  to,  li>Mi  Hind,  or  Krcoter  tban  the  tenalon  on 
U iililn.  niH'iiritliiuV  HH  llin  Hliilii'  >•!  II"-  luiekxtiiy  nt  tlic  top  of  the 

li'""  iiwn'lli   Iii'hi'  ill  iiinkK  liiiw  nI'i]h'h  iv^inl- 

I  ill  ■iir<-Bi<4>H  '111  llii>  towi-m.  Wlii'ii  Ihi'  sioueH  of  cables  and 
l"i.  I,  i,ii'>  niK  I'liiiiil.  Ilii>  RlriwHi-H  iin  i>iii'li  irnivr  will  lie  vertical  and 

"'"\\ .'  n'.''".'<  m|,.j'h<.  ,ir«  iiHoiiinil  lhi>.  |>n"wiin'  im  the' lowers  will  be 

,.Mi. 11    iiu<  lUiiiK  iir  IliP  (HK'VHlin    tH  Irxii  tliHn  thdt  of  the  rable. 

ilii'  i.'"<'>   nil!  iriiil  )•>  ii<Milvi<  or  k\\«»  (iiiMnl  tbe  Daclii>nii;i-.  and  tbe 

iio'  >'i<  >"ii'li  liini'v  Hill  Iw  IfH  Itinn  tbp  wettfht  nnil  load  of  rlear 

■  II.     II  iiii'  ii.^f'  <>r  ilii>  iMi'kiiln;:  la  arriili-r  than  that  o(  the  cabl^ 

I   III  ■■.lid    II  ItJ   111'  i^rixltiT  tliKu  t\ie  »-c\sW   nvul  \(™.4  -it  ^\««r 
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When  pnBSitilf,  Ihe  horliontfll  'listance  from  the  rwit  o[  a  ti 
;he  corraBiMiudiiiK  hacbBtay  sUoula  l>e  one-foortB  or  the  tlear  i 
greater,     lu   such  cube   lUe   teaHlon  on  the  bBc^tetay   will   not 


i  weight  anil  load  of  tl 


on  tbe  tower  will  n 


hrefrnnarter  Inch  wire  rope  weighing  02' 
pounds  to  Ibe  100  feet  can  uauallT  be  cacrled  in  leogthB  auBdant 
tor  practicable  sunpeoalon  siiaDa,  and  will  be  the  moaC  coDT^nlBiit' 

If  ordinary  wire  mnst  be  naed,  cables  can  be  made  by  atretcbinR 
wlraa — seven  la  a  good  number — cloae  together  and  under  eqnal  strain 
and  binfling  lliem  toct'ilier  at  Intecvals  of  n  foot  with  cDarilne  or  wire.' 
If  abort  cables  are  retiuiced,  time  toay  be  saved  by  making  one  or  two' 
or  mare  tlmea  the  length  and  cutting  It  In  pieces. 

102.  Aocbarattea. — These  are  of  prime  Importance  and  must  IW 
aeciire  and  aa  rigid  as  possible.  Their  character  will  often  be  de- 
termlned  by  accldeots  of  the  site.  When  tbe  stnmpB  ot  large  trPex 
are  avallBble  they  will  uiiiially  be  chosen.  Ledge  rock  or  li 
bowliiers  are  the  best,  hut  require  care  and  some  akUl  in  making  __ . 
fastenings.  IleaTy  staples  leaded  or  wedgpd  tnlo  boles  drilled  lotO' 
the  rock  Kill  usUBlly  be  must  convenient.  If  ["nrtland  cement  can  be 
had,  a  groutlog  nriti  hold  the  Iron  firmly  after  It  la  set,  Bee  also  de- 
scription of  deailman,  paragraph  50. 

15S.  Towerit.^Large  trees  will  be  used  If  avalloble,  otherwlae 
of  tltubet:  set'  paragrapb  64.  With  high  hanks  It  may  lie 
._  -.._  ., «...  . ... . .  .u.  _a  ^j.  „  j-Jiorl;, 


S 


.-e  ground  o 

rOYlde  approaches  to  a  depressed  roadway  ai 


Indicated  in  tlijurL ._  .   ..._ ..„   .  __ . 

above  tba  grade  ns  in  Hgure  SSI),  the  baetstay  carrying  It  beyc 

Tbe  towers  must  he  blub  enoogli  to  bring  the  supports  of  tbe  cablet 
called  taddlea  above  the  level  of  the  roadway  at  the  tower  by  tile  de- 
sired defieetlon  pins  one-flftletb  of  the  span ;  see  paragraph  143. 

154.  Plnviiiic  cables  coay  he  done  by  baullug  acroaa  tops  o(; 
towers,  or  by  laying  ont  cable  from  one  onchoraee  to  tbe  other  andp 
TalsiDg  the  higbta  to  the  tops  of  tbe  towers  bv  shi'Br  poles  (Bg,  240>4 
The  table  should  bang  in  a  bridle  Ifig.  241).  In  the  former  case  the 
cable  will  uenaliy  have  to  be  slushed,  which  la  an  Inconvenience  IB 
the  BubSGouetit  operations. 

Tlie  saddle  should  be  a  smooth,  firm  bearing,  sufDcieat  to  take  all 
the  cables  side  b;  side.     In  binding  the  small. cables  together  lo  form 

a  larger  one,  adopt  tbe  most  compact  arran^ment.  It --■^-  --■ — j- 

Bs  they  lies'"-  "  —  *-     -  ■"- "' "" ' 


.^_  .-.  strands  flat  on  the  saddles. 

Id  figure  242. 

Dtbod   of    placing,    the    c 


In  clear  weather  the  dip  of  the  riB'es  may  be  determined  b; 

latance  eqiial   to  one-flftleth  of  the 
line  borlsontnlly.     .Adjust  the  cable 


direct  observation.     Fli  tbe  elevatk_    .       .  .    _.    .__    . 

at  canb  tower,  sod  almve  It.  a  distance  equal  to  one-flftleth 


c  point  ranges 


SaS  EltOmEEB,   £'I2LS   ICANUAL. 

s«me.    When  Ihn  cahka  are  In  plnet.  adjup'  thom  im  i 
coincide,  aod  the  deflectioDg  will  be  eufficie 
combined  Btreagtb  ut  Ue  strandB. 

Ifi6.   LeDKtha  of  ■llnenx  depend  iipon  ttie  curve  of  the  i 
■Dd  the  cacabpr  of  tbe  rnailwaj'.     The  latter  must  Ik  Ubc 
aiupunBlon  brldgeH.     Thp  cables  will  Btreteh.  cspeciallv  tho^ 
wire  rope,  and  Ihe  anchorages  and  tower  tootlnifs  will  give  uiurc  ui, 
lasa.     One-fiftletb  of  Ibc  span  will  UBUallj'  be  enonEb,  1 

The  leoBtha  of  slinga  are  reckoned  tram  the  cable  lo  the  lower  aldci- 
of  the  transotaa  In  a  vertical  line  (flp.  2431.  They  must  he  detaciolnea 
In  advance  and  adhpced  to  during  conatructloo,  cegardleaa  of  the  ap- 
[learance  ot  the  bridge  when  nattlally  done.  When  the  Toadwaj'  li, 
completed  thi'  dlatortloa  will  alsaupcat. 

From  the  '-" — '--  "■•'-  "•-  ■ " '  ~ 

twentieth  o: 


!  made  at 


Table  XXXIX. 

IIST.  From  the  line  corri'spondlns  to  the  r 
tile  HUCCewlTe  fuclura  and  multiply  eacli  by 
■ulta  will  be  the  leagtha  of  allngs  in  feet  a1 
OB  EOcA  side  of  the  middle. 

Aa  the  U'QBth  of  the  middle  si 
directly  on  the  cable.     "  ' 


Is  0,  the  middle 
ire  not  of  same 


e  readijj  deter- 


deptb,  allowance    J 


....  ,  r  lencths  do  not  inclQde  any  (afrl   I 

tenlnga.  Be  sure  to  add  enough  for  (liat  purpose,  but  wbcn  tbe  faatmi'd 
iage  are  made  see  to  It  that   the  dtstance  from  cable   to  bottOD 
tianaora  la  precisely  tbe  corresponding  tabular  dlBtanop.  ._ 

In  tbls  table  altnwam^  in  made  fur  a  camber  of  one-dftieth  of  thjC  ■ 
aiian  In  two  straight  lines  from  the  ends  to  the  middle.  1 


158.  Form  and  Htn^iism  of  ■.lings.— Wire  will  usually  h,.  ,. 
material  used.  The  load  on  each  sling  may  be  taken  aa  the  total  lol 
tlie  and  dead,  divided  by  the  number  of  slings.  It  is  really 
iMiB.  Knnwine  the  ntxp  nf  wirp  on  hand,  divide  the  Dumbe 
be  required  for  the  mi 
by  tbe  number  of  bIIujjb.     The  guollpnt  will  be  t 

------    --   of  that  slue  which  nhoulfl  be  la  eaih  cling. 

iTie  allDgs  any  be  oiade  single  and  tasteQed  at  lop  and  hottoia 
*■  atoaad  cable  and  tranKom.  or.  more  ctmipovenus,  -  ■  ■  -•^- 
aad  double  lenstb,  taking  a  round  tarn 


i?eX^ 


bringing  tbi-  two  «iid5  aroaixl  tbp  transom  In  opposite  iIIff 
twisting  Ihem  togetber  on  top  of  it  {Qg.  243). 

A  very  useful  Bttafhinent  ot  wire  to  wood  Is  maile  by  n 
nail  or  upllie  partiy  driven  Ijealde  th?  wire  and  tbe  1  •  '  -  - 
to  embrace  tbe  w6e  li' ' — '-       '  —"■-    **  "~ 


e  like  a  staple.    A  staple, 
<notloii   of  tbe  t 


eaeh  pair  ot  sling 

Dumber  and  eiie  d< 

available,  see  paragraph  8 

lap  3  feet  or  more  and  be  flrmly _.    _, ..„ .    .__  __, 

need  not  be  on  a  transom,  but  iB  better  near  one.     On  tbe  Btrlnaeri 
tbe  planks  are  placed  and  spiked  down  or  beld  bv  side  raits. 

Plate  the  Orijt  pair  ot  sllnga  on  tbe  Ltibles,  taking  tbe  turns  loasely 
HD  that  they  will  slide.     Sllne  tbe  Qrst  transom  sa  that  tin  i,au,an  ahan 
be  tbe  talcnlated  dlstaace  from  tlfe  iBble  n 
Fasten  two  atrlngers  to  It  and  cuKb  It  out, 

CBble^nnO!  tbe  franaom  is  In  Its  proper  posi 

cal.     Crimp  the  turns  at  the  tup  and  place  tbe  sei^ond  pair  ot  bIIiibs 
and  transom  ia  the  same  way.    Tollow  up  wltb  stringers  and  plankB, 

160.  A  hand  mil  should  be  provided,  and  a  screen  on  each  Bids   , 
of  brush  or  other  light  materials  will  be  aEeful.  I 

161.  Suspension    bridges    change    their    shape    vertlcBlly    and    lat-   1 
erully  from   tbe  live  load  and  from   wind   pressure.     Vertical  dlstiHS    I 
tiona  are  referred  to  as  undutationt  and  lateral  ones  as  osHIIatfotM. 
CnduialioUH  result  principiilly  from  changes  in  the  moving  load  and 
tn    A    lesR    pstent    from    tlie    vertical    componeat   of    wind    pressure. 

used  principally  by  horizontal  wind  preaaures  and 
by   the  moving  load.      Both  must  be  kept  witbln 


by  using  ( 
tlcBlly   COD 


:  tbe  httnd___ 

\e  ^**) ;  also 


i   well   lapiied  and  fastened  s 
reduced   bj^  placing  the  ^cablea^Jarther   apart 


at  the  towers  and  drawing  them  lu  at  the  center.     This  will  I 
the    length    of   slings,    but    not    seriouHly,      Also    by    a    lateral    truss 
under  the  roadway,  using  the  transomE  for  posts  and  adding  diag- 
onal ties  or  braces.      {See  par.  129.) 

Both    undulatlouB   and    oscillations    may    be    controlled    by    guya    , 

attached    to    tbe    roadway    and    carried    Inshore    and    op    and    d 

Btream  to  sceure  fustenlnea. 

162.  RBlIwuy  bFidsea.^Wltb   proper   asBumptloDS    ub  to   loads 
(Bee  par.  51,  the  foregoing  rules  for  designing  ond  proportioning  the    i 
severai  types  of  bridges  will  give  safe  structures  for  railway  t— ""- 
(See  alBO  pars.  43,  6f.  and  120  and  Tables  XX  aod  XXSV. 

A   railroad  bridge  should  not  he  built  on  an    Incline  if  It  a 

avoided.     Tbe  approaches  at  each  end  should  be  straight  and  nearly 
level    for   a   distance  equul    to   at    least    twice    the    maximum    train 

Foundations  must  be  especially  □□yielding',  aa  settlement  Is  more 
troublesome  than  In  other  bridges. 

For  a  slnglclrack  standard-gauge  milnuy  bridge,  tbe  clear  width 
between  trusses  or  girders  should  he  14  feet.  In  double-track  bridges 
the  distance  from  c.  to  c.  of  tracks  must  not  he  less  than  13  feet. 
No  part  of  the  truas  may  he  lees  than  T  feet  from  the  center  of  the 
nearest  track,   at   a   height   eiceedlog  1    (not   above   the    rail. 

The  clear  headrootn  must  be  21  feet  above  the  base  of  the  rail 
tor  a  width  of  0  feet  over  each  tract. 

Stringers  are   put   under    the  rails   and  are   best   made   in    two  or 
more  pieces  long  enough  to  span  two  bays  and  breaking  joints.     The 
pieces  ore  separated   about    2   Inches  l)j   bloclst,  MiS.  ■«*!>  ■ss^-usa.  ■«- 
Ketber.      Ties  are  placed   IS   to   24  incWs   c.  to  c.  ko'!i._^»'^  ™5; 
or  faarth  one  should  be  spiked  to  tbe  Bt-rttujeta.     fc.  S"t „  rf^S'^.C^iw 
Be  pJaceft  along  the  ends  Of  the  ttea.  aoA  \\  \b  \ie\\.w  V*  \>"- 
the  tie  a  lighter  stringer  and  bolt  the  gaMitB-'i^a  ^»  ^^ 
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Materials  uclually  oa  the  Ilni 


t  piar 


DBpoFtatlon  will 


iceastdlly,  It  will  be  helpful  ti  .    „ 

tbe  couditlone  wblcb  make  good  roads  and  tboae  whlcb 
es,  and  of  the  bust  mpthoflu  of  conTcrting  the  lattrr  Into 
IF,  In  other  words,  of  tbe  prluctplea  of  road  coDBtroctlon. 
lien  are  tb(?  same  for  all  roads,  tbougb  the  practlee  re- 
r  applloatlnn  may  dlffpr  In  mllllRry  roada  from  that 


t  for 


ttaK  poTver  of  eobealTe  compacted  earth,  i 


croBBlQE  'the  road,  or  ETatnps  or  toots  in  the  way  :  and  olao  wh»n  anj 
of  Ibe  gradna  e^iceeiJ  the  limit  at  whlcb  a  team  can  pull  its  own  lo»d. 
Ab  to  cnnt^hncss.  its  principal  erfect  la  to  Increase  tbe  w^ar  and 
tear  of  TPhlcleB  and  the  diecomfort  of  paBBencfjrs,  and  to  preTent  a 
faeter  Rr-  -*■ "- ■  ■■ "  "  - — —  ' ' ' '" 


t  ihnD  a  wall: ; 


Extensive  work  for  reduction  of  grudea  will  rarely  lie  worth  while 
fo  InnK  as  the  prevnlllog  natural  grndee  do  not  eiceed  3".  and  the 
nailmum  are  sbort  and  not  Hteeper  than  fl°,  Kolllni;  connttr,  dtumed 
a  decidedly  rough,  will  b-  ' —     — >-'-  -> .._,., 


;  grades  within 


,  wilb  > 


For  Ii)D,  „ 

profitably   expended  in  keepln?  pre 

4.  The  paromoDut  qnesdan  to  be  dealt  with  will  be  tbe  aap- 
porHcB  [)ower  of  (he  roadbPd  as  affected  bj-  water.  This  sopportlng 
powiT  will  be  a  maximum  when  Ihe  soil  Is  aattlctcnlly  damp  to  com- 
pact well  and  yet  not  wet  eoougb  to  yield  considerably  under  the 
.   pressure.      ''   '"   —   ^..-j— vi.  ._ _ii   .t.         i„. —    • n.- 


BOll,    \ 


e   If  t 


t  Ios< 


all   the  moisture   fro_ 

3  Its  compacting  power,  and  anj 


I.  refusing  to  rennite  u 


s  remain  o 


particles  dislodged  fi 
face  in  a  triable  coi 
molGliire  <h  supplied. 

The  mnT^porting  poorer  of  ^et  «B.Ti\v  m^i  \w.  ^om^s 
wBirst  First,  lij  ri^moving  Iho  suvplua  vialCT  1116.  YeeV*^* 


.,CoogIc 


XNQINEEB   TIELD   HANTTAL. 


j.,g,i,;.d.,CoogIe 


[    Iflg.  5).      These   logs  uiay   be  rvplsced   by 
TMb  const — -'—  — -  ■•— '  " ''-■  -■— 


BOADs.  ref 

md  th?  troDt  one  held  In  place  by 

...     le  appHeii  whei', 

luc  >;au-iEa  uiu  ue  uurisd  back  tO  (lOlld  CTDUnd   (Bg.  6). 

Vertical  poatH,  nith  their  feet  let  well  Into  tbe  graaDd  BDd  tlw 
tops  aocbored  liy  either  of  tbe  above  nii'tbuds  mav  aupport  borliuntal 
plantEj,  which  In  turn  snpport  the  fill  (flg.  8).  Const—"—  '-  -■— 
tier  tor  this  purpose  are  usually  called  bvtkheade. 

Maaanrr  retaintnff  mllB  Hhoold  have  an  averaire  thicknesB  of 
four-tentbri  to  flve-tenthB  their  height  above  the  grotiiid.  the  lormer 
for  good  mbtile  laJd  In  crment  mortar,  the  latter  for  dry  rubble.  The 
thickness  ma;  be  the  same  from  top  to  bottoin,  or  It  may  be  greater 

If  the  wRll  Is  high,  the'  latter  seetloa  shnuid  le  adopted,  as  It  requlreB 
leaa  material  tor  a  given  height  and  strength.  Dry  rubble  must  be  of 
large  stones  fairly  well  fitted  together.  Whether  With  or  without 
mortar.  It  Is  desirable  to  avoid  through  horizontal  Joints.  Some 
stones  abould  be  bo  placed  as  to  He  partly  in  two  Bdjacent  courses, 
anting  as  dowels  to  prevent  tbe  upper  part  of  the  wall  from  allding 
along  the  Joint  between  the  two  eournes.  Walls  should  be  built  with  a 
batter  on  tbe  frout  from  h  to  1  In.-b  to  the  foot,  as  they  will  alwaya 
move  out  a  little  at  the  top,  and  If  originally  built  plumb,  will  then>  i 
overhang  and  look  unsafe.  I 

Bspvclal  BttentfoD  must  be  given  to  tbe  clmraetrr  of  tMi 
foanautian  at  tlie  foot  of  tlie  front  face.  A  trench  must  be  a- 
cavated  deep  enough  to  get  to  a  Qrm  bearing  at  this  polnL  Tbe  front 
o(  this  treni'b  should  be  Bept  as  solid  as  possible  to  form  a  support  to 
the  wall  against  sliding  on  its  base  |flg.  7).  If  tbe  wall  yields  to 
the  pressure  against  It,  It  will  most  probably  revolve  around  tbe  toe, 
and  its  entire  weight  will  rome  on  tlie  front  edge  of  the  foundation 
trench,  which  must  be  able  to  support  the  weight  or  the  wall  will 

IT.  C'ali-erfs. — .\D  Inclosed  conduit  for  passiilg  drainage  under  a 
road  Is  called  a  calvert.  The  diatlDCtlon  between  brldgea  and  cul- 
verts Is  vague.  Bome  small  bridges  are  often  called  culverts,  and 
some  large  eulverCs  have  been  called  bridges.  It  the  traffic  la  borne 
directly  on  the  top  or  roof  of  the  conduit.  It  must  be  designed  as  a 
bridge,  and  may  be  called  a  bridge,  no  matter  what  Its  length  or 
height.  If  a  considerable  tblclracss  ot  the  roadbed  [lasses  over  the 
conduit  so  that  water  may  stand  above  it  at  one  end  and  pass  through 
under  pressure,  tbe  structure  may  properly  be  palled  a  culvert. 

18.  The  ares  of  nntenvBr  required  can  not  be  determined  by 
any  rule.  It  depends  upon  tbe  maximum  rate  of  rainfell.  the  kind  of 
soil,  whether  rocky,  sandy,  clayey,  etc.,  and  the  slope  ot  the  anrtace 
and  its  cottditlou,  whether  cultivated  or  not.  timbered  or  not,  trosen 

If  the  culvert  conveys  the  Sow  ot  a  side  ditch  under  the  road,  its 
capacity  abould  be  equal  to  that  of  the  ditch.  The  discharging 
capacities  of  channels  at  dllTerent  forms  are  to  each  other  as  tbe 
squares  ot  ttaelr  areas  divided  by  their  surface  widths :  thus,  the  area  ot 
the  side  ditch  in  figure  S  la  3i  square  feet.  The  nrca  squared  =  12.25. 
The  surface  nidtb  is  2%  feet :  hence  the  area  squared  divided  by  the 
width  rm  12.28  -^  21  =-  4,e.  To  find  the  dlmenelona  ot  a  rectangular 
conduit  ot  equal  capacity,  assume  the  width  1)  feet.  Then  the  area 
squared  divided  by  li  —  4.9  :  bence,  the  area  squared  =  7.3,  or  the  area 
=  2.7  :  the  depth  equals  the  area  divided  by  the  width  =  2.T  -M.B  = 
1.8 :  bence  a  conduit  ot  equivalent  section  will  be  1,5  by  l.S  feet. 

Beqnired,  the  size  ot  a  clrcnlar  conduit  equivalent  to  the  aide  ditch, 
Divide  the  equivalent  Qnmher  4.9  by  0.616,  and  take  the  cube  root  "f 
the  quonent,  which  will  be  the  diameter  of  the  circle :  thus,  4.n 
"  Bl«=  8  ■  "■ ■- "  -'  "  —  "   —■-.-■-  .-  -■--  -" . 


1 


alent  circular  condolt. 
94346°— 17 17 


of  8  "  2,  whicb  Is  the  diameter  ot  the  eqniv- 


mmiimmfim 


87S  enghteeb  ttblo  kahttai. 

lEtradoa,  nor  unj  ot  more  tLan  three-tourtbR  Inch  uf  a 
Greater  Bnaces  between  bIodbb  st     "  ' 
coated  wRb  mortor  and  well  ir 
plPtelv  filled  with  mnctar. 

If  brlch  are  nsed.  thpy  are  laid  as  Indlcnted  In  flgure  18,  Tha 
coaccntrli!  circles  afe  cnlled  rings,  and  the  thickness  of  brick  erebea 
Is  aomellmea  glTen  as  3,  4,  etc..  rlnss.  Under  tbe  rule  giT.-n  aboYe, 
G  hrlpk  arch  will  have  at  li«9t  Ihroe  rings.  Pacllcular  attention 
should  be  paid  to  the  surfaces  between  rln^a,  which  must  be  eepa- 
I'Rted  by  a  film  of  mortar  La  eoud  cuntaet  with  both  surfaces  and 
manolltblc.  no  far  as  possible,  with  the  loortBr  In  the  radial  lolnta. 

Spandrel  BIllaK— I'le  stability  ot  the  arch  rpqnlrea  that  It  be 
pcrmKDentl)'  loaded  on  Its  haunches.  This  may  be  done  by  dcpaalt- 
InB  any  heavy  material,  but  in  Bmell  Hrcbea  IB  commonly  done  by 
conHnuine  tiie  masonry  from  the  outside  of  the  arch  ring  to  a  lioe 
or  corve  swept  from  the  crown  to  the  oiitir  edge  of  the  top  of  the 
abutment.  For  culiecCs.  the  embnnkment  supplii's  the  ni^cessary 
wplgbt,  and  the  malD  function  of  the  Bpaadr''!  filling  la  to  give  a 
amooth  and  regular  slope  to  the  top  of  the  structure  tb  protnote  the 

Spnoclrri  millii. — At  each  end  of  the  nrch  a  wall  Is  bnllt  up  t^^ 
the  level  of  the  crown  and  In  lengtli  from  out  to  out  of  the  abuttnenta. 
It  niMs  to  BtlfTen  the  arch  aod  also  as  a  rctalQlug  wall  tor  the  en- 
banltment  over  It,  For  wide  or  yory  long  arches  there  may  be  Inn 
terlor  spandrel  walls  of  slmllai:  dlmenelons,  and  In  small  arches  the 

WtBK  'vallB — TheBe  are  built  from  tie  ends  of  the  spandrel  walla 
with  a.  splay  of  about  S0°,  and  act  as  buttresses  for  the  spandrel 
wnUs  and  also  as  retaining;  walto  for  part  of  the  embankment  left 
onaupported  by  the  cut  made  lo  give  access  to  the  culvert.  Tho  tops 
i.r_tliewlDjr  walls  are  not  horizontal,  but  slope  with  the  earth  of  the 

lean  or  trlna;  ivallii  may  be  slightly  less  than  that  ol 
The  bond  with  the  spandrel  waU  give --  "-- 


affords  tSi' 


I  Bhoold  he  one-slitb  of  the  height  tbroughoat,  or 
top  and  Obe-tblcd  st  the  bottom,  tbe  top,  however; 
1  IS  Inches  for  rubble  and  IS  Inches  for  brick, 
ies  the  tblckacsi^  does  also.     Determine  (he  thickne 


from  oneto  the  other.  The  coping  mny  be  inclined  (flg.  1: 
(flg.  20J.  In  the  former  case  the  atones  must  be  well  am 
wall  to  prevent  sliding.     The  step  form  Is  mucb  better. 

wall  the  coping  will "   — '" ""■-  --"    -■"  " 

on  the  front  page  of 
all  the  requirements 

ability  of  the  material  to  tnke  tensile  as  well  as  cotupresslve  stratna  I 
may  be  ot  reduced  dimensions,  and  the  spandrel  Hlllug  Is  moet  conr 
Tcniehtiv  combined  with  tbe  arch  ring  la  a  monolith.  For  tblckneBa 
ol  crown  add  £G  to  the  spsn  In  feet  and  divide  by  H.  Tbe  result  will 
be  the  thldtnesB  at  the  crown  In  inches.  The  ejttrados  Is  a  cylinder 
passing  through  the  crown  and  the  outer  top  edges  of  the  side  wnll* 
Its  radlns  will  be  about  egaal  to  the  span  and  may  be  so  taken.  Side, 
spandrel,  and  wing  walls  of  concrete  culverts  have  the  same  propoP- 

lust  be  supported  during  constrnctlon 

..,  .  .ratnclently  to  besr  the  preSBUre.     Sup- 

imrrs  ere  commonly  built  of  wood  and  are  called  orutt^ra.      (ireat 

rlcltflty   la    orffpnnorr.    and   all    prlncljinl    plei'ea    ._ _    .^,. 

portioned  that  they  will  take  their  alresgea  without  apprerlEble  do- 
Seetlon,     Long  pieces  must  have  a.  radial  dj— " --... 


J 


^ 


Fig.  13  Fig.  :o 
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prcaalon  only.     Short  piecea  n-htrli  can  \>f  made  vtry  deep  reladTely 

BTeat  cnre  ao  as  to  be  unyielding.     In  artdltlon  to  precautions  In  the 

■ ^'-u  of  centers  It  la  alao  neeeaaary  to  build  tbe  acrh  Bltnul- 

■-— -  -■'        -a  at  the  same  rate  bo  that  the  two  sides 

,_   ._._ e  egually  loaded. 

The  pplnolpBl  pnrta  ot  centera  are  tlie  ribs  and  the  sheath- 
InK.  The  rllm  are  aeHmeiit!!  of  tbe  proper  circle,  snlld  or  FramiMl, 
and  the  abeBlblus  la  a  covering  of  the  rlbB  to  produce  the  necessary 
supporting  Eurface.  The  riha  are  proportioned  to  atipport  the  weight 
of  the  arch  and  arc  the  HBme  for  nil  kinds  of  arches.  The  aheathlng 
may  differ  for  different  kinds  of  arches.  For  concrete  It  muat  be  with 
tight  joints  whlcb  will  not  allow  thin  mortar  to  Qow  through.  For 
brick  It  may  he  more  open,  with  gaps  small  enough  onit  to  prevent  a 
briek  Ipom  Bllding  tbroogb.     For  atone  the  she&tblng  msy  be  still  more 

For  small  colTcrts  centers  may  be  built  as  shown  !□  figure  21.  For 
larger  arches  figure  24  shows  a  eouTcnlent  coaslnictlon.  The  radial 
supports  will  vary  In  number  according  to  the  size  ot  the  arch.  The 
points  supported  on  the  ribs  need  not  be  less  than  3  or  4  feet  apart. 
The  dlfltances  between  ribs  will  be  2  to  3  feet,  depending  OD  the  thick- 
ness of  the  sheathing 

22.  LstIbe  oot  oeDtcra  — For  small  arches  lay  down  the  iDBterlal 
of  the  rlha  and  strllce  the  curves  of  the  centers  with  a  radius.     When 


a  fro 


used  unless  this  bottom  of  the  plank  is  to  be  the  chord  ot  the  arch.  In 
which  case  the  bottom  lines  will  do  equally  well.  The  points  so  laid 
off  ate  on  the  curve  of  the  arch,  which  should  be  drawn  through  thern 
by  a  fleilble  rule  or  spline  bent  to  touch  them  all  at  the  same  time 
<flg.  21).  Shape  the  edge  of  tbe  board  to  the  carve,  and  using  It  as 
a  pattern,  scribe  the  others.  Planks  2  by  12  inches  are  very  conveu- 
lent  material  for  ribs.  From  the  table  It  will  be  seen  that  such  a. 
plsnk  will  cat  the  whole  rib  for  a  3-foot  arch,  and  by  addlua  a  3-Inch 
strip  on  tbe  top  edge  It  will  Eire  a  rih  for  ■  -  —  -■- 
arehea  build  up  the  rlha  by  putting  aegmpn 
bearing  and  fasten  them  with  other  aegnii 
(fig.  23.)     The  end  hearings  should  not  be  1 
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""■    '■'  ]■■'■''   ■"■                               Table  I.                                                                    _ 
'33    Middle  and  nlde  ordlnateii  for  »Kinentiil  arcli»  nlCb       1 

rlRea  ^=1  span.     Ordluatea  Id   top   lines  measured  from  the  tangent;       ■ 

om  lines  meaeured  from  tbe  chord.                                     ■ 

It  a-  Imid- 

Ordlnatft'!  in  feet  ut  dlBtmcos  from  mlddln  ol—                   I 
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24    Pipe   cnlTertn.— Vltrlfled    clay    concrete     and   cast  Iron    pipe 

culverts  Khonld  11  poaslble  be  lali  on  a  tar*(ullr  prepared  foundation 
of  brukfn  stone    gravel    or    oncrete    shaped  to  the  curve  of  the  lower 

part  of  the  plji-   whi  b  sb  uli  r  st  Piinly  inl  lolldlj  oo  tht  founda 
tloQ  froD      ud  to  end       The  earth  fllllng  ahould  be  thoroughly  com 
pacted  aroun]  the  1  wer  part  of  the  pipe    using  water  if  pcactlcablp, 
hut  Hbould  te  left  lo     e  aruund  thp  upper  part      It  has  been  demon 

Btrated  that  thorough  undertaniplng  trebles  tbe  strength  of  concrete 

pi]  e      The  tup  surfu       of  earthenware  pipes  should  be  not  less  than 
1^  Inches  below  the  aurfacB  of  the  roaabia      It  IB  better  to  have  the 

Joints  tight      riaj  or  cproent  motar  may  be  used  for  packing      Care 
should  be  taken  In  laying  to  have  the  aplgots  enter  tbe  bells  to  the 

;s  «?.  .ffSs  j;.  c-uu"(."i'5ts^";r&jri^j 
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rial  from  running  throufth  into  the  pipe.  Pip*  culvcrtH  Bhonld  ran 
drr  when  the  flow  I'eRJtes.  They  should  have  an  average  fall  of  not 
lem  than  1  In  72  (or  vitrified  and  1  )u  2aB  (or  taat-lron  pipe.  The 
tall  ahonid  not  be  uniform,  but  should  increase  allghtly  from  the  up- 
per to  Che  lower  side,  giving  the  pipe  a  camber  which  will  preveot 
the  furmatlon  of  po<:ketB  bf  settlement. 

The  ends  of  pipe  culverts  shouM  he  protected  hy  head  walls.  Theaa 
may  be  of  rubhie  or  brick  masonrj.  or  for  temporary  purposes  ol 
wood   (Seb.  25  and  20). 


Vltrlfiw  pipe  1b  made  In  2  and  3  foot  lengths :  the  former  Is  tlie 
-     '  market  length.     Up  lo  2  feet  In  ainoieter  it  usually  comae 

„4d-splgot   form.      Larger  sizes   are  ordinarily    In    cylindrical 

a  with  rings  of  the  same  mnlerlal  to  cover  the  Joints.    The  trade 


dcBlgnatlon  of  vitrified  and  cast-iron  pipe  Is  the  i 

Cast-iron  pipe  Is  made  In  12-foot  lengths,  and  !b  bell  aud  spigot 
all  sizes. 
Coocn 
should  be  1  incn  lor  an  up  to  i^  jncnes  auimoii 
a  tblcitneae  of  one-twelfth  the  diameter. 

UK   «nr(ni.tBiF- — If  JB  Of  great  ImpoTtonce  to  keep  the  surface  o( 
1  free  from  ruts  as  far  as  possible.     During 

ler   It  is   usually   not   praiticaliie  to  do    this, 

out  as  soon  sa  ine  road  has  dried  out  enough  to  penult  it,  the  surface 
should  he  gone  over  and  the  ruts  and  other  depressions  filled  np,  If 
this  is  done,  the  mud  from  the  next  rain  will  tie  very  much  less,  and 
by  attention  to  this  simple  expedient  a  road  that  would  be  constantly 
had  with  lotcrmltleDt  rains  can  be  kept  good  mnftt  of  the  time.  Ad 
ex<.'eIleDt  opportunity  for  Bach  work  ariseB  when  a  liadly  cut  road 
Is  lightly  frozen,  anti  eBpeclally  Just  as  the  frost  Is  beginning  to  cuiue 

The  worE  may  'be  done  by  men  with  picks  and  Bhoveia.  or  by  tbe 
□se  of  barrows  and  scrapera  drawn  by  aulmale,  A  good  farm  har- 
row gives  eicellent  results.  A  scraper  may  be  Improvised  by  putting 
a,  toDKue  on  a  pleee  of  heavy  plank,  and  a  steel  shoe  on  Its  lower  edge 
(fig.  27).  A  railroad  rail  1b  said  to  make  ao  escelleot  scraper.  A, 
team  is  hitched  to  each  end.  For  soft  mud  a  draR  which  will  do 
much  good  is  made  by  splitting  a  12-Inch  log  in  halves,  placing  them 
round  sides  down  on  the  ground  2i  feet  apart,  and  nailing  cleats 
across  their  fiat  sides.     (See  par.  2Bb,  p.  — .) 

The  nernplns  vrnder  Is  a  scraper  mounted  on  wheels  and  adjust- 
able as  to  height.  It  bangs  obliquely  over  the  road,  Uia  outer  end  In 
advance,  so  that  the  snrpliu  earth  Is  poshed  toward  the  center.  With 
such  a  mafhlne  on  band,  the  manner  of  usiug  It  will  be  obvious.     One 


e  Improvised  by  hanging  (he  heavy  plan 
re  27  unde-  "--  "--'  "' " 


„„ _. ._e  bed  of  an  ordinary  wagon. 

ae.  Tbe  aoHlltr  of  tke  rapth  has  a  great  influence  upon  its 
ushavlar  In  a  road.  Clay  compacts  well  but  wlU  not  drain.  Sand 
drains  welt   but   UBoally   will    not  pack.     There  are   some   exceptions 

..    i..._    _....      ,_ ..._   ^oiranic   sanda   of   the    Plilllpplne 

r  in  grain  and  do  pack  weUennugli 
I],     n  Is  also  lo  Be   observed   '*■-' 


ved   that 
sand   pacKs  anaer  pressure   wiien    damp,  auu    tnat  ttanay   roadii  are 
usually  better  In  wet  than  In  dry  weather,  for  which  reason  nothing 
In  done  tn  nrniunte  drDlnntre  of  veTf  sandy  roadH.      A  road  which  Is 
n  admlituce  of  elsy,  and  couverBe!)'. 

._r n  of  clay,  makea  an  f--*-—  — ^ 

r  to  that  which  produces  the  h.      , .    ,  _  ... 

times  found  In  eicavationa, 

27.  A  roafl  KDod  In  nil  coodltlons  of  'raesther  can  be  ob- 
tained only  by  the  introduction  of  materials  other  than  earth.  These 
materials  must  be  of  such  character  that  they  will  offer  u  )>eurlng 
surface  not  affected  hy  moisture,  and  of  suci  thicknuBs  as  will  ills- 
tribute  tike  load  BO  that  the  sbll  below  can  bear  It  without  e*mpre»- 
slon,     It'lB  also  reixalslte  that  tbe  surface  be  smooth  enough  tai  easy' 
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traction  and  ronfih  enough  to  Rive  a  tooting  for  anlmBls.  SucS  con- 
KtructlUDB  ranet'  troui  the  i^lmpleEt  expedients  of  road  making  to  the 
bigbeat  rlaaa  of  atreet  pavementa. 

CordnrorliiE  Is  done  b;  tajing  logs  croBBWiae  of  tbe  road  and 
touching  each  other.  The  ceuult  will  be  better  1!  the  logs  are  nearly 
of  the  same  alse.  The  butts  and  tips  Bbould  alternate.  If  the  logs 
are  large  Die  epaces  maf  be  filled  with  smaller  poles.  The  bottom  tier 
of  logB  sbonld  lie  evooly  bedded  and  should  have  a  firm  bearing  at  the 
vndB  and  not  ride  on  the  middle.  The  dUlng  poles,  If  used,  should  be 
cut  and  trimmed  to  lie  close,  parking  them  about  the  enda  U  necea- 
BHTy.  If  the  soil  is  only  moderately  soft  the  logs  need  be  no  longer 
tUnn  the  width  of  the  road.  In  soft  marsh  it  may  be  necessary  to 
make  them  longer. 

The  logs  may  be  atliized  as  the  wearing  surface.  In  fact  thlB  is 
usually    tbe    case.     They   make    a    rough    surface,    uncomfortable    for 

CBBaeagers  and  hard  on  wagona  and  loada.  but  tlie  resistance  to  trac- 
>on  is  much  less  than  would  be  expected,  and  tbe  raugbneas  and 
Bllghtly  yielding  surface  muke  eicellent  foottng  fur  animals.  Surfaue 
corduroy  is  perishable  and  can  last  but  a  short  time.  In  marsbes, 
where  the  logs  can  be  placed  below  the  ground-water  level,  they  are 
preaerTed  from  decay,  and  if  any  BUitablt  material  cao  be  found  to 

Any  tough,  fibrous  material  may  be  used  to  temporarily  harden  ths 
surface  of  a  road.  Hay  or  stra,w.  tall  weeds,  com  and  cane  stalks 
havp  been  used  to  good  advantage.  Burh  materlalB  should  be  laid 
with  the  Qbers  crosawise  of  the  road  and  covered  with  a  thin  lavec  of 
earth  thrown  on  from  the  Bldea.  except  in  sand,  when  It  is  b< 

dig  a  shallow  trench   across  the  r—-'^  —  "  -""   "■ '--' 

then   dig  another   trench   just   ' 

flrst,  and  throw  tbe  auad  Iroin  it  back  otito  tbe  material  in  the  first 

ZS.  Flank  roads  are  built  by  laying  lines  of  sleepers  about  4  feet 
apart,  well  bedded,  and  breaking  joints,  and  nailing  to  them  cross 
planks  2  or  3  inches  thick  and  9  to  12  IncheB  wide  (flga.  38  ond  29). 
Each  line  of  sleepers  should  be  doubled  and  composed  of  pieces  4  by  6 
inches,  laid  flatwise  and  2  or  3  Incbea  apart,  breakiog  Joints.  The 
planks  sbniild  have  2  spikes  in  each  end.  and  should  be  laid  one-faurth 
Inch  apart  If  dry.  It  wet  they  may  be  laid  lightly  tnin-h1nt-  Tho 
length  of  plank  will  depend  upon  tbe  umnunt  and  condl 
It  all  one  way,  or  If  return  tradlc  1b  mainly  o" 

sleepers  of  S-foot  plank  will  answer.  If  loaaea  iramc  is  neavy  in 
both  directions  there  should  t>e  four  lines  of  sleepers  and  planks  14 
feet  long  (fig.  30).  The  Interior  sleepers  need  not  he  double.  Planks 
ahould  be  offset  In  blocks  of  about  20  to  facilitate  getting  back  a 
wheel  which  has  run  olT  the  road. 

When  BUitable  timber  is  plentiful  and  sawmillB  are  at  hand  a  good 
road  for  all  condllloQB  of  n'eather  can  be  made  easily  and  quickly  as 
above  described.      It  Is  neither  muddy  nor  dusty,  and  is  easy  on  loads, 

'  2S.  CliBrconI  roiidii  have  been  built  throngh  swampy  foreats  by 
piling  logs  longltudlnBlly  on  the  line  of  road  and  burnfng  them  luto 
charcoal,  which  is  raked  down  to  2  feet  tlUckness  In  the  middle  and 
1  foot  at  the  edges.  The  logs  may  be  12  to  24  feet  long,  in  piles  S 
or  8  feet  high.  0  feet  wide  at  the  botlom.  end  2  feet  wide  at  the  top. 
The  piles  are  covered  with  straw  and  earth  and  burned  with  a  re- 
stricted air  supply.  Qood  draft  should  be  permitted  until  the  pile 
Is  well  ignited,  wlien  all  air  openings  at  the  bottom  should  be  closed. 
SO.  QmTel  to  form  a  good  road  coverlog  or  metal  must  have 
enough  binding  material  to  caoae  tbe  pebbles  to  pack  and  remain  in 
-'"-  under  traffic.     The  material  from  ordinary  deposits  or  pits  of 

UDleas  binding  n 


^j^f—  nnder 


illy  make  a  fair  road.     That  from  beaches  and 
I  bin-'  -  -  -  ■■ 


Coo<^Ici 


he  broken  up 

"  a  k „ , 

_  _Dad,  but  at  a  graae  lower  thun  tbe  proposed  'BurfBee  of  tho 
r  the  tblcknpaa  of  tbe  metal.  Tbla  lower  erade  Is  enlled  the 
adp.  In  eicavated  ronds  ftnfl  thone  fovmofl  bv  crowoTni;  o 
Mtal  surface  the  suli^rsde  Is  formed  at  the  nrat  operatloi 
ads  on  enibnnkinenfB  It  Ib  better  to  bring  tbe  Bi!  up  '  ' 
rnde.  and  then,  JUBt  before  putting  on  tbe  metal,  oiea 
ie,  forTUing  a  tronarb  or  bos  in  whieh  to  deposit  the  n 
first  or  bottom  course  of  gravel  should  be  About  4  Itiehei 

iBctcd  by  trarel  or  bj  rolling  before  lUe  n 
:    following   raursea    ebonld    be   of   the    ~ 
n.nBUBBB,  cutEi  ti^uj  JIB  IT  L^d  B3  Isld.     Thfi  het  tMclinesa  of  three 

layers  will  be  about  10  locbes  and  wtll  make  a  good  road  of  the 

31.  Brulipii    stone    and    crnnhrd    ■tnue    nte    terms   applied   tn- 

angulnr  fragments  of  stone  made  by  breaking  up  larger  -' '" — 

by  hand  hammerB  or  by  power  cniahers.      The  Btone  sb 

and  tough  and  not  very  abRorbent,     Trap  Is  the  best ;  gi ..     ^. .  _ 

at  bF^it,  but  dlslntogrHtes  rapidly ;  saadEitone  Is  defli^lent  in  blndlng^ 
qnaimeg.    Limestone  haa  eiwllent  Mndlag  properties,  but  la  generally    I 
raft  and   wears  rnplrily ;   It  i\   however,   the  material   most  used  to    ' 
BtOQV  roads  because  more  plentiful  than  stooe  of  better  goallty. 

BFObpD  atiine  Is  elame'd  aceordlng  lo  the  larKent  aitnFiulaM 
In  Inches  of  lis  largest  pieces  The  test  of  size  Is  that  the  largest 
nieee  shall  I^?s  freeiy   In   any  position  ttirnunh  a   ring  of  a  pertain 


Inches,  meaning  that  the  largest  piece  can  oot  full  to  pass  throngh 
a  ring  of  2i  foFhes  diameter  The  smallest  asual  slie  Is  i  i"")* 
f<ometimeB  double  limits  aro  imposed,  as  tbat  all  shall  pass  tbi 


pmiiheF  means  all  material  which  comes  from  the  c __.    __ 

eeedlni  the  snedfltxl  siie  Stiine  broki'ii  by  band  can  not  be  graded 
IB  sizes.  It  IB  consMeced  by  some  than  hand.hroken  atone  Is  superior 
on  account  of  the  more  nearly  cubical  shape  of  the  fragments  and  the 
lews  quantitj  of  smnll  pleeeK  The  advantage  If  any  It  not  enough  to 
outweigh  the  greater  rapidity  and  "(onomy  of  machine  bteaMng. 
Hand  breaking  will  be  used  only  when  there  are  no  crushers  and 
plpuly  of  lal  1 1 

For  breaking  atone  by  hani  the  best  hammers  are  of  steel  in  the 
form  of  a  circular  dKk,  of  2  to  B  pounds  weight    with  rather  long- 

-      ■  ■  ■  red  by  tl 

„ J J For  a.  rude  n ,„ , 

cubic  yard  and  the  long  ton  may  be  taken  as  eqolTHlent. 

32.  ntapadam  roads  are  made  of  broken  stone  deposited  on  the- 
natural  surface,  or  preferably  on  a  properly  prepared  subgrade  and 
compacted  by  traffic  or  by  roUinff.  For  milltBry  roads  compacting  by 
tratfic  will  be  tbe  rule  and  by  rolling  the  ejception.  Better  resnlts 
will  be  obtained  if  the  nlone  is  put  on  In  two  layers,  the  lower  one 
compacted  belaie  the  upper  ono  Is  spread.  If  graded  stone  Is  to  be  bad, 
nse  2i  loch  for  the  lower  conrBc  and  11  to  2  Ineh  for  the  upper. 
When  eompncted  by  traffic,  the  thirlinesB  of  tbe  lower  conrse  when 
first  spread  muni  be  enough  to  prevent  the  wheels  cutting  tbfough  ft. 
If  the  foundation  Is  dry  and  hard,  4  Inches  will  be  right ;  If  tbe  foun- 
dation la  yielding,  n  greater  thicknesa  will  he  necessary,  and  It  may 
happen  that  all  will  have  to  be  put  on  at  once  to  carry  the  traffic 
while  i^ompacting.     On  a  4-Inch  bottom  layer,  a  3.1ni;h  top  coarse  may 

The  wl'dtb  to  t>e  atoned  or  metaled  will  depend  upon  the  condi- 
tions of  the  moment.  Ten  feet  will  So  for  a  single  lice  of  wamms, 
or  16  feet  for  a  double  line.  If  tho  traffic  In  one  direction  Is  light, 
tbe  width  may  he  Increased  with  the  same  amount  of  slone  by  Umltlag 
the  bottom  layer  to  tbe  middle  and  extending  the  top  layer  out  on 

.C^oo<^lei 


Ur  ■  (*•  wrm  «  iMcfeM  CHA  «  I  (B  li  lack 

HWPVrf  «T«|Bf  ■Tt.  iW^  f ro«i  tfct  BMF  alMC 


_„  ^  rammri  ct*t  •*  aMlvlaf  laa  tc  pt<tf>t  apt 

ta|W  air  ■wHwIw  (MM*  laM  kr  h*Ml.  lana  bo  4«ra  ^  I* 
flM*  MMMt.  «»4  ilKu  ttx  tatrmtkm  «Hk  <&■■  (Mclr  aM  wttt  a 


•I  <>r  the  nefttritj  ot  kecplojc  tbe  road 
i(  ii-palr  or  rewmitnicllon.     Generally, 

.'<Uiij  iirtt  aide  >l  a  time.     Boiaetlmes  a 


inpararT  road  DUif 


'M  -rii'  Iti  rppdirlDK.  The  renalt  In  apr 
iiiii'i  <>r  KTRile  and  to  csdh  cqU  ana 
I'.j  i/'iuiiil  layem  along  tbe  whole  leostb 

I  'i<  |:tli  ul  onre.  dh  would  othprwlBe  br 
.1         '    walhiT  to  I*  all  fut  and  do  HD 

I  'II  irlbutloD  of  maierlalB  alODE  tbe 

I I  nirid  wack.   papeclalli'   of  repairs, 
....  II  will  main-  lQi.truiupiital  locatloS 

'I II   will  l>i>  adynntaepuuB  to  mark 

11  InL-rvBlB  of  100  tept,  or  Ipsi  If  the 
lai'k  iliQ  BTBilp  on  each  stoke.  It  Ipveli 
p  markeil  by  tbe  eye.  From  the  center 
't  to  mark  tbn  outer  edEee  of  the  side 
■- Br  and  side  Btakes  win  be  of  asslst- 


nil.,     Ill'    iliii'H  BUij  srades  qnlckly.     If  tlie  aide  llneB 

•<n-  i.iM'iiiiriri  iiiifiiiii'i  cii  ihp  Kraitc,  thvy  will  be  at  a  uniform  dis- 
jmii'ti  hIi>hii  iUi>  Iiiiiiuiii  vt  llin  aide  dltcbpa  and  can  be  aaed  as  goldes 
III  nnlxMiii  (h>'  IntCT, 

III  llui  l»VN<lu|i  uf  ■  nt>i>  FQiid  more  Itiatrumpntal  work  is  dealr- 
abiu,    Tli>'  Bi'nvrai  rtii<-  will  nu  Inljl  down  <in  n  mail.    Thla  line  will  he 


inn   llii<   BTomid,   rorreptlnjj 
o  ,<x  11"  Frei  mmri.  iiml  the 


hPlKht  of  J.- --  - 

ill  right  angles  to  the  line  will 


C.oo<^lcl 


be  Dated  at  erery  stake,  bb  also  the  distance  ol  anr  obstaclea  on  eitbtc 
aide  wMfh  would  make  It  difficull  to  sbtTt  the  line.  The  character  o( 
the  snll  will  be  careCnllr  noted. 

From  theee  notes  a  prolUe  si  the  Kronnd  will  be  made  wltb 
Boltable  horlzonTal  and  vrrtlcal  gcalea  (see  Be."i>nua1«Kaaix).  On  Ibia 
grouDd  proQIe  a.  profile  ot  the  mad  wlil  be  laid  down.  Tills  proSla 
will  follow  tbe  nalurnl  surface  so  tnns  an  no  bcav;  Erades  result. 
WhPD  the  Krades  are  too  steep  the  notes  will  be  consnllpd  te  see  If 
ersrles  can  be  redoced  by  shift&g  the  line  to  one  siile.  If  this  run  not 
be  done,  tbe  road  profile  will  be  »o  drawn  us  to  make  the  cuts  and 
fills  equal  in  Tolume.  The  locations  of  bridges  and  culviTts  wUl  b« 
noted  on  the  profile,  as  also  the  lengths  reqirfring  especial  treatment, 
as  cardurocInK.  etc. 

Harlns  S\xMi  the  Ilnps  sud  tn-ades,  determine  the  cuts  or  fills  at 
the  stakes  and  the  lateral  dcTlatlons  of  the  lines.  If  any  are  decided 
■^        s  In  tha 

r  Hii,  or  C  for  cot  and  F 
•"istely  below. 

,„. _. intersectlona  of  tha 

side  slopes  of  cuts  or  embankments  with  the  naturnl  ground  surfai'e. 
They  are  set  on  each  siiie  o(  the  center  stnlteB  on  lines  at  rliht  angles 
with  the  trsTersc.  Their  dlataures  trnm  the  center  stake,  cnllcd 
■—     '  ■  ■  B  depth  of  cut  or 


e  sradicnt  of  ground  surface. 


etel  of  top  of  embankn 
aldE  bc-fsbla,  hr  and  lii    (fiR.  32). 

If  the  KroDud  la  leTel.  the  aide  distances  s 
eqaal  to  ti"  ■n's.  In  whU^h  «=lbe  width  of  top  of 


round   surface   at   tbe   side 


the  Kronnd  .lupei 

„,_... —  -*  _ij_  ;..„.. ppgg  3Q(j  neignig  ^an  noi  oe  oiri 


prnctienl  use.     The  relation 


nt  independent  of  ench  other.     The  method  ot  trial  and  e 

s   used   by   applying   the   followlna  rule;  Eaflmnte    the    aide   heluht 
nd    work   out   the   aide   distance   by   the    fc -         .  -  ■  ^  -     -- 


of  the  center  stake  and  take  ttie  ground 
.-  .i  ,_  .. .^ ., ^  ^eye],  1 


J  tight  or'lpfC 


f  it  Is  the  same  as  the  estimated  lerel,  It  Is  correct  and  the  atat^B 
may  he  driven.  If  the  me-amured  elevation  la  Krpster  tbnn  the 
eatlmaled,  multiply  tlie  difference  hT  the  slope  ratio  and  add  tha 
product  to  the  trial  side  distatici^.  If  the  neaanred  elerallon  la 
leas  than  llie  eallmnt<-d.  multiply  as  bttora  aod  anbtract  tha  prod- 
uct from  the  trial  side  distance.  Lay  off  the  new  distance  for  the 
second  trial  ^ile  disliin.u  iiml  ri'ppflt  fhe  operation.  A  llltle  practice 
will  enable  a  sufflHentlv  lorrei-t  r>>sult  to  be  got  at  the  first  trlaL 
Side  staking  will  not  often  he  npi^essary  for  military  roads. 

3P.  In  metaling  a  road  miich  more  atteutinn  to  lines  and  grades 
Is  necessary.  After  the  grading  la  flnlshrd,  center  and  side  stakes 
should  be  set  and  marked  with  grade  and  snbgrade  Instruraen tally 
determined. 

40.  Cnrvatnre. — Horizontal  curves   for  chanaes  of  direction   ™n 
be  put  In  by  the  eye  with  eufilclent  accuracy.     Bun  out  the  fwr 
gents  to  points  beyond  where  the  curve  will   leave  them.      Bele 


points  beyond  v 

joints.  Lay  a  Hue  loosely  between  the  stakes  and  with  small  pickets 
i  feet  apart  throw  the  line  Into  a  curve  and  shift  tbe  pickets  until 
he  curve  la  fair  and  on  the  desired  ground.  lettinR  out  or  taking 
IP  the  length  of  the  line  orfordinsly  aa  It  proves  to  he  Ico  short 
ir  too  long.      If  the  curve  can  be  made  level,  It  Is  better  to  do  It; 


iB»,«„e« 


ENanfEEfi   TIEIS   UASTTAL. 


"1 

DioiiTitallr  4 


for  an  S-miilc  team.      It  tbe  radius 
widen  lug  la  required. 


ot   the    center    llnr    Is   mnae    pqiial    lo    1,800 
.,  It  wLlI  hf  wide  BDOugti 


.  adluE  of  a  curve  which  has  hfea  Btaked  out,  Btretcta 
a  string  frucn  auy  stake  to  the  thltd.  flfth,  or  seventb  stake  In  eitber 
alrePtInn  and  meaaure  the  dlatance  from  the  string  to  the  slake 
nppoBlte  Its  middle  point.  Thla  dlatence  Is  called  a  middle  opdi- 
unte.  The  riidlnn  o*  cnrvfttnre  In  feet  la  the  lengtli  of  the 
airing  in  feet  squared,  divided  by  eight  times  tbc  middle  ordlcate  in 
(eet.     The  stakes  must  be  equidistant. 

41.  InteFHpetlonii  of  rlaluK  Kfadea  should  be  flBttened  so  thftt 
the  rise  on  eitber  siiie  shall  not  esceeil  2  feet  in  the  last  10(i  (eet. 
All  abru[it  changes  of  grade  ahould  he  softened.  This  can  be  dune 
well  enough  by  the  eye.  It  not  done  !□  conutmctlon  It  will  soon  t»e 
done  by  the  weather  and  traffic. 

4l'.  BiitlniBteii  for  enrtliworli. — The  calculation  of  quantities 
la  eicavaUons  and  embankments  will  usually  he  for  halanc^liig  cuta 
and  fills,  and  for  maklbg  requlsltlona  for  men,  teums.  and  tools. 
For  thesu  purposes  a  simple  rapid  method  giving  approximate  results 

Volvmeii  are  derived  from  the  areaa  of  croita  aecttoni*  of  the 

cut  or  embankment  and  tlie  dlMnnCPa  between  tliem.  The  distances 
can  be  directly  measured,  and  to  any  desired  accuracy.  The  uncer- 
tainty In  the  volume  resides  entirely  in  the  dctermlnatloa  of  the 
ccoss-sectlonal  areas,     Tbe  cross  section  to  be  multiplied  by  any  dls- 


Ihe  measun'mcnt  of  eny  section 

sary  in  a  given  distance  to  get  a  __  _  „..     _._ 

thnt  for  nrdlnarr  Bronnd  tbe  avei-BKe  section  for  lOO  feet 
length  la  very  nearly  one-half  the  sum  of  the  actual  ecetlona  at  tn 
ends  of  the  same  100  feet.     The  difTeri-ncc  is  ao  small  that  It  may  b 
neglected  when   the  end  sreas  do  not  differ  widely  in   size  and  th 
ground  between  changes  regularly  from  one  to  tbe  other, 

43.  When  the  ground  has  no  transverse  slope  the  sections  are  caliei 
level  nectloDi.  For  these  the  area  depends  upon  the  center  ca 
or  Oil,  the  bottom  or  top  width,  and  the  slope  of  the  sides.  Tolnme 
per  100  feet  of  line  for  level  sections,  with  center  cuts  or  fllls  ot  1  t 
24  feet,  and  widths  of  16,  IS,  20,  22.  and  24  feet,  and  side  slope 
--  ■    1.  H4  to  1,  and  2  to  1  are  given  in  Table  H.     To  ubs  this  Ubl 


t  la  only  necessary  t 


tbe  side  slopes,  and  of  these  only  the 
on  the  ground.  For  preliminary  estln 
for  the  entire  length  of  a  cutting  or  i'. 
the  resulting  volume  per  100  tret  taken 


....    ..-eliminary   estimates,   tbe  n' -_„.    -_.    - 

■ngth  of  a  cutting  or  I'nihankraent  miiy  be  used,  i 


If  feet  In  tbe  entire 


.Goa^t^ 


B.0AD8. 

Tabu  11. 


B  100  feet  long  of  cuts  o 


renter 

Width  of  ha»  n 

^tor,^ 

imio 

miinr™.. 

fiifS 

feet. 

" 

U 

^ 

22 

24 

l!^ 

« 

US 

Y 

178 

1^     , 

sa 

278 

300      ' 

3S2 

3Be 

^M 

B3 

I 

«4 

<Sfl 

i33 

762 

803 

889 

936          1 

037 

111 

1,100         1 

181 

253 

m    , 

i^aii 

1^396          I 

493 

589 

1,W*          1 

esi 

l.fill 

1,732         1 

533 

2.055 

IM     ■ 

i.m 

1,896 

a.2Bi 

370 

IS 

II 

400 

M3 

a,  456 

2  666 

,581 

601 

alsss 

20 

M 

2;  878 
3  096 

815 

063 

■3|344 
358£ 

2M     1 
748 

23 

3;  153 

3322 

493 

663 

^ 

3,378 

3.S56 

7^ 

4'ffl9 

263 

3,flU 

3,7M 

B81 

167 

4;3S2 

837 

It  tUo  material  la  friable,  the  halves  of  the  log  may  be  placed  on 
edRe.  flat  Bides  forward  and  2  or  3  teet  apart,  cauaected  by  chM»- 
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^ 

bankmenta  OD  Ic 

ubic  jardB  of  eretlonB  lOu  (eet 
el  grounri  with  sia«  slrppca  of  IJ 

^lon^f  of  <:ut 

■"" 

Cmter 

Width  01  base  ot  cut  or  crown  of  All  In  leet. 

leot" 

,. 

IS 

20 

22 

-5 

'^ 

Jn 

J^ 

aso 

^» 

KH 

™    '* 

38« 

3M 

3K5 

'733 

7T0 

1 

,1 

94S 

ffi     . 

m 

.'ios        1 

511 

eoo 

889 

778          1 

m 

S 

T09 

902 

230       : 

2S3 

745         : 

m 

! 

flia 

739 

RG5 

117 

! 

fl          • 

539 

1 

flM 

850 

1 

101          '. 

31S 

J2        ; 

S30 

; 

iw 

?no 

978 

m       ■ 

sra 

25           4 

-89 

^ 

OM 

139 

321 

S09       i 

AM 

. 

, 

' 

1 

j 

1 

-             v.. 

HTl^TT^ 

widCb  and  tide  slopes. 


a>  taken  from  tbe  loreKoing  table. 


This  Is  culled  t . 

'D   the  d^tbs  Df  (ibllnue  eix'Ilons  and 
—   .._  __    jijp  areas  of  the  oblique 


■  of  oblique  eectloDB  a 


l^to  l^irtoT  Imi  2'^to\" 

To  use  the  table,  take  from  the  II 
and  the  column  c< 

--■  Increase  the  L 

le  iJeptb  of  the  equivalent  level  si 


u  1,  and  tor  side  slopes  of 


r  the  table  of  level 


9*3i6°— 17— 


and  take  out  the  - 
will  give  results  correct  to  i  per 
n  the  levels  of  A  foot  la  20  feet. 


K,,Goc^!l^ 


r 

-  4fl. 
I  bnnkn 


ENSIITEEIl    FIELD    UANUAL, 

TiBLB  111, 

illTia  la  be  nddrd  (n  i^PBter  belRkti 


Tr 

uuFersa  gradient  of  ^rciiind  siirfafe. 

EideElopssofci 

—- 

15111. 
.04 

:ii 

.,... 

IBtol 

4T.  To  bnlancr  the  a 


(«rtb.- 


e  of  All,  which  1; 
i  of  earth  and  Iti 


forinatloD    Into   an    embankmeat    may    be   clasBlHed    Ii 
loadlDK.  hanllns,  au<]  ■preadlnK. 

LooHFnlBK  with  a  plow  will  require  'i  horace,  2  t 
[or  each  40  yards  per  iiour.     If  very  hard,  i  1 
for  the  plow.     With  plckB,  I  man  for  each  40 
men  equal  1  plow. 

eaeh  2  yarda  per  honr.     All  otber  losdlDg  la  Included  as  a  part  ot 
the  baullDE. 

The  haul  or  lend  Is  the  distance  to  be  traveled  from  the  point  of 
InadlnK  to  tbe  point  of  dumplD)i.  The  mean  haul  la  the  quantity 
nsnally  eoortdered,  aod  In  the  dlfltanei'  -  -  ■         ■     -      — 


ad  a  plow 

_e  reqiilrr-d 

i  per  day,  or   10 


ot  gravity  OT 


rhr 

cut  or  e 

leaVBtion 

of  KT 

the 

an 

■" 

.n 

Bcrapers.  ^ 

3  ard   to 

U    a 

./Google 
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Table  IV. 
I.  Tiirdnse  ot  enrth  irli<(^h  can  be  bandied  per  komi  In  dtffetri 


Yardage  per  hour  ppr  conveyance  for  hauling  in— 

Length  ot  haul  in  loat.. 

Wagons. 

wheel 
scrapora. 

Drag 
scrapara. 

szi 

or  boxes. 

21.0 

a.s 

10:0 

sis 

3:0 

' 

1 

lOUhl 


eneb  iDBdlae  paint,  and  at  least  3  (01 
Bhonld  not  be  reqalrcd  to  load  more 
Wbkokii  for  bnallBK  eartk  ahoi 
b;  B  t>ed  formed  of  Bide  boards,  troi 
BcaDtllng  Btiout  3  by  4  IncbPB,  ~"'  * 


loaded  in  4  minutPB  or  Ipbb  and  a  cart  In  2  mlD- 

miim  hp  nt  IpBBt  R  nhnveleTB  (oi  each  wagon  at 

rt.     Ooe  gang  of  Bhovclets 

Wflgone  or  carta  per  hour. 

the  ordinary  box  replai^ 


the  r 


0  take 


..joved,  then  one  atde  board  la  raised  and  dropped  down  on  tht 

hnha  outsldP  the  bolster.  Beginning  on  this  eide,  the  boltom  pieces 
are  pulled  up  one  at  a  time,  allowlag  the  dirt  to  Bift  tbraneh.  Fol: 
damping  wagons  there  flhooirl  be  2  men  at  enrh  dumping  point,  and. 
ir  provided    with   ahoveis,   tbey  ahonid   be  able   to   tabi'   care  o[    tlur 

Carta  and  ■criipem  are  dumped  by  the  driver  and  deposit  the  e- 

tire  contents  In  one  pile.     For  thla  Hud  ot  f-  —  '— -  — 

be  provided  at  the  rate  of  1  man  for  each  II    , 

Example. — Mavlug  a  cut  to  make  400  feet  Ioub  with  an 
center  depth  of  10  feet  and  a  ■ 


work  to  he  done  In  K' 


600  re< 


e  of  1 


of  hauling,  spreaders  si 

feet  long  with  an  average 
h  of  IS  feet.  Bide  alopes  of 


3  feet  long  adjacent  to  one  end  of  the  cot ; 
VTS  ;  malerlal  to  be  handled,  a  light  loam. 


end  of  the  ci 


_  Table  III  take  the  coefflclent  corresponding  to  2  to  1  and 
1  Blopes,  O-Oe,  and  add  tlilB  percentage  to  the  aetnal  depth  10 
feet,  giving  10.9  feet,  or,  say.  11  feet  depth  of  equivalent  level  section. 
From  Table  II  for  level  section  of  11  feet  cot,  1«  feet  wide,  and  2  to  1 
alopcB,  take  the  qaantity  1,880,  which  la  the  yardage  in  100  leet  of 
the  cut,  giving  1,680X4—6,520  for  the  total  yardage  to  be  handled. 
LooBPnVng  will  require  2  horses,  1  plow,  and  2  men  tor  each  4D 
yards  per  hour,  or  6,B20-r40— 183  bours  tor  the  -wtaVe,  ■wV'i.ia.  -h'W,. 


CdooIc 


bA^pw  few.  ■■«  fc—  »Mc  itw>^  *g_»JiiBMjgfc  fcc  JM^    I 

itiiti^  lat  iumtttK-  ^  __      ^^ _M 


MM  WMlMBla  irplckB  an  »■«. 
T*  Mpftf  tWs  Uft   Cm-  «M 


e   Bed:   ar   ZS3   l 


•bin  )Ih>  mmt  nrU  «ld  In  plan 


U  bqt  the  Klapn  of  tte  nick 


•  flaiwr  tMid  Uv  wall*  of  tbe  r 

u(  tlH  MBBic  arcace  wUib  aad  bplgbt  and  M 

k   niii'h  il'-i*«<Ia  oo  tin  hardueH  and  niKttfio- 

-  -  wtt))  emwben.  bat  >*  a  niie  blaai- 

'rbe  fftqnenej,  drpth.  and  dlree- 

"f   rliargn    will    depead   on   the 

ijLits  to  tbe  Dae  aDd  huidllDK  ot 

:     "lollUoni.     Aa   a   roucll   rule  for 

t  i-olilE  jard  of  solid  rodk. 


■UrnuMlr  lir  2  otlwr  sm  wllb  tt  ti>  12  pouod 
«■»■  tbn  drill  ■liibtl]'  aftar  naeb  blew.    Ir  the 


--I  dune  wflh  a 

holl^  d 

lenKth  And  BdI*)i 
LiiuK  edge  or  bit  Is 
'omm-iDlr  made  of  li« 


I   wttb   a 


MD,      Tbe   rqrm    vf    tbi 

M,  an.  and  art,    i>mi«  _ .  

il  arm.     Tha  rortu  or  the  bit  la  the  annie  for  botb.      Figure 
a  a  pulut  uiade  on  BU  beiagonal  bar,  and  flture  36  the  point 


C.oo<^lcl 


.lAintuc  iBAUS«33STt)m[ 


Fig.  34      Fig.  35        Fig.  36  Fig.  37  W^'' 


«nM«  M»  A*  0«»rt^  ari  tt«  >Hft.  If  ^  n^  ■  M  ke  kH^d  kn 
■  fciii.  «  I*  XM  M  sw  nMA  >■■*■  M  ki«k  m  m  «B  a^ 
>  »■»■  •■«  >  ■*■  «to«.  vMA  «MiM  «■»  M  Pkes  aC  Aot*  1» 

^M  M  ■  tec^  «l(k  aJr  nw  «rtaE  to  ••  !*»«.««■»«■»■■', 

ttmi  *f  <awrr  B«%  tke  mrmtm.    Obc  km  «ia  Ok  fcf^a  a^ 

MrlklML  vMh  •  aa^  iMS  tfer  aEw  i<  m  ciH  dtlKl 

»M  oTZ  M  ITpMMlK  *clA(.    Wh(*  tt*  halo  an  * 

fMMfevFB  w*  fHm«4.^nac  an  vodgn  •(  itt** 

pmm  «f  ■iTIirtli  Ira*   fie.  XI),    Tte  iMr" 

Jntt,  tup  «■«■  •(•via.  ■»■  ffee  •<«■■>»  ka 

MnMfe  *•  MtetlM  MMH  tfee  MaM  nSta.    1 

hrmifmt  ■•*(«  larttwrf,    ifffcate. 

7ka  rat*  «f  ymw  la  tfrO^w  MiiruM  < 

--li  aaM  Ike  «£ul  af  the  «rtll«n  aad  tool  ifcitapapfi.    Pte 
— . _  ^    — ...^  g  SSaa  po  4 

■ortlac  OS  li*  fsfc  aptratiiA*  aBj  b 
rSfl*.     n«Dm  %«i-M  ibow  a  good  B 


•r»B  l«  ba  f._.    .,_     .   _ 

(o  pr'i6nf  a  (ilrl)'  OBllona  nrface  of  fractBrc  lo  »on_  . _ 

II  la  iHHwMan'  In  drill  tbna  on  a  alant,  aa  ■bova  fa  flcnre  18,  «1 
will  l«ar*  In*  fluor  Id  a  Miw-locilked  waitwet.  This  asd  at 
■■iHTlttw  lutt  In  lb*  floor  nraat  be  ilcdnd  off.  and  the  favlilea  >l 
•fib   mtMll   WoKcD   ((on?  aad   aUne  diatt   I        ' 


l-ntrlnc  ntttm,  Tbr  bolfa  b  ar*  «ti 
on  lb*  rmrk  aad  tkrow  ai  mncfa  of  It 
tb>  enn  In  Ttrilt*!  or  onrir  ao,  tba 
bair  tannRl  {tm.  «" 
_'nw  rnadbrfal] 


Ttila  will  Ihrnrw  t „„  -  „.  

uf  tt  al  a  nila.  aDil  tbere  will  naoallr  be  crerirei  in  tbe  rock  nuD- 
I'init  lo  Mka  («r«  at  It.  Ocb«rwliie  ft  maat  mn  to  tbe  eods  of  tb« 
ml  or  In>  MllrdMl  at  a  low  pulot  ami  a  cbauoel  made  tbrongb  tba 
Dnnf  at  lb*  cut.  wltb  ■lopni  RuffldeDl  to  run  thr  watrr  over  tbe  cliff. 
ThttI  (itapna  can  bX  flttril  Up  to  tbe  mail  IpvcI  wUb  broken  atone. 
Vnrtlni)  bo)**  maulA  Im  drilled  a  few  fe«t  apart  oear  the  outer  edge 
'  •   ■  of  Iron  wt  In  tbem  with  eyea  In   the  top 

rope  mar  ''e  panned  to  furm  a  guard  rafL 
L«  tkroairfa  ^ooAm,  the  worb  may  be  re- 

.,   rurrlng  the  roid  gently  to  htoIJ  as  many 

I  piiHilbliF.  It  there  la  undergrowth  at  any  klni.  a  first 
nit  and  rumirv*  It  to  a  dlntance  of  20  feet  on  each  side 
If  neNli-d  for  nue  elsewhere,  tbe  name  party  should 
r  lUeh  line.  It  not  needed,  tt  ahonld  be  buraed.  The 
(lioulil  fell  tri'Ca,  cut  them  up  Into  manageable  lengtha, 
tbam  from  Ih*  roadway,  nmi  thlB  party  ahonld  be  ao 
It  the  ruttlDU  up  awl  Mmuval  will  keep  pace  wltb  the 
"  Rbaulil  be  taken  to  avoid  felling  a  tree  Bcroaa  another 

beat  felled  by 


I  tbe  principal 


fe«[  from   the  trank  and  then  ptilllDE  tbe  tree  over,  stump  sail  all. 

blaHtlng.     The  charge  shoald  be  put  low  dowu  In  the  stump,  dl^ng 

.'ifi.  Cuat.^The  factors  eoterlng  into  Ibe  cost  o[  roads  are  so  many 
and  so  complex  that  a  asfe  estimate  cao  not  be  made  nltfaoDt  a 
knowledge  of  the  conditions  (o  be  met  In  the  nartlcalar  ease. 

The  tollowlDg  data  are  designed  to  guide  the  Jadgment  tn   form-    ■ 
ing  conclusions  as  to  the  prabahle  limits  of  coat  of  different  classes 
ol  roade,  so  that  the  first  BurTer  and  estimate  may  be  made  for  a 
road  iFhlch  can  be  l)uilt  with  the  resouFces  at  liand. 

^6.  Clearing;  ma;  be  taken  at  f  10  to  |50  per  acre,  or  $20  to  |4<H) 
piT  mile  for  timber  varying  from  acutterlDg  to  dense  and  irldtba  ol 
1(1  to  00  feet. 
■"    ~      ■■  '       '"   "   """         gently  rolling  country  where  the 

I  eurtaee  with  level  croea  section*. 

_._ „  .     -  ^        ly  be  taken  at  *3H0  per  mile.     In 

intalDous  or  rough  country,  with  the  road  mainly  In  side  cuttlnn.    ; 
grading  and  ditching  may   be  taken   at   1360  to   (TOO  per  mfle, 
firmer  for  a  laternl  gradient  or  IB  to  1.  and  the  latter  for  6  to  1. 


ste^er  lateral  gradients,  the  cost  will  be  giea 
i.  For  embankmenlfl  and  c-"' ■-    ~ 


. ,_   __»  eartli,  compute  the 

a  from  Tables  11  or  111  and  take  the  cost 

at  20  cenia  per  yard  plna  i  cent  for  each  lOO  feet  of  haul. 

Cuttings  and  embankmeDts  Id  rock  vary  so  widely  In  cost  that  any 
figure  given  es  standard  would  be  misleading  In  a  majority  of  casea. 
EitenHlve  rock  eicavationB  will  rarely  be  onderUken  in  military  road 

59.  Metaling. — For  g 
mile  for  each  I     ■     .' 

GO.  Rrldgea  and  culverts  must  Be  estimated  separately. 

Rl.  For  a  dirt  road  following  the  natural  surface  In  level  cutting 
the  limit  of  cost  may  range  from  JSOO  to  J2.000  per  mile,  depending 
on  the  character  of  soil,  aiuount  of  clearing,  and  the  number  of  bridges 


s,  and  the  li 

laHng^he^^^ct 
™.^-„ru   rnnciii   unmr   Hveriiire   conniiinnn 

Macadam  roads,  ueually  called  stone  road<.  have  been  built  eiten 
slvely  hi  various  States  of  the  TJnlon  at  costs  ranging  from  (2.000  ti 
$3,000  per  mile.     The  figures  here  given  as  to  metaling  are  bated  on  i 
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PART  v.— FIELD  FORTIFICATION,   INCLUD- 
ING MINING  AND  DEMOLITIONS. 


These  devlcM 


^t  or  the  Ore  action 

HTIFl CATION   da 

s  temporary  character  (or  Innnedtate— 


TbDse  wlilcli  procure  an  anobntrncted  field  ol  flr«  In  trout  of 
the  line  of  defense — clearlDKB.  demolitions,  gradlnj:. 

SbleldB  or  ahelters,  wbich  protect  the  deCeniler  from  the  asiiall' 
ant'g  Are — trenches,  gnllerlcH,  reaoubta,  blockhouses,  pU\ 

Hasliii,  which  PanceH.!  the  defender  from  the  assailnnt's  vlev — 
piBntQtIoDS.  embank in<!Qt9,  s'^reens,  etc. 

Obstacles,  by  which  the  ftdTftnce  of  the  assailant  Is   retarded — 
abattls,  slashings,  entnnglementa.  etc. 

Facilities  for  commnBlfmtlon  for  the  defender — roads,  bridges, 
telesraphs,  f*~ 

ObHtrnel! 
If  bridges,  o „ „.„. ,  ,,.. 

ilanr  devices  fall  Into  more  than  one  of  the  i 

deliberate  latrenobmeiitB,  and  sleKP  TForks.  Haaty  tn- 
trenebmenl  Includes  devices  resorted  to  by  troops  upon  a  liottla 
field  to  Increase  or  prolong  thefr  flgbllug  power,  usually  (onstruoted  in 
tbe  presence  of  the  enemy  and  In  haste.     Deliberate  latrenchnieat 

comprises  worhs  coQEtriicled  by  troops  not  In  line  of  battle  for  the 
protection  of  depots,  lines  of  comuiiinicutlon,  supply,  or  retreat,  etc. 
As  they  are  nsually  intended  to  enable  a  smalt  force  to  resist  a  much 
larger  one.  thsy  are  more  carefully  designed  than  haaly  Intrench- 
mcnts  nnd  hnve  grenter  defensive  strength.  Siege  ivorka  cui»prlse 
devices  used  by  bcBlcgers  and  besieged  In  the  attack  and  defense  of 
strong  fortifications,  and  especially  those  devices  which  enable  troopa 

The  Itaea  tit  iIlvlHliin  of  the  three  claEses  are  not  deftnile. 

Some  devices  may  belong  to  more  than  one  class,  and  a  work  begun 
Id  one  class  may  t>e  merged  into  and  be  Completed  Id  sDotber. 

6.  COVBR.— Protect  I  on   Irom    lire    or    view    Is    usually    called 


horizontal  flre.     It  usually  tahea  the  form  of 

tlcfll  or  nearly  so.  Overhead  eoter  gives  proieciioo  against  in- 
direct or  high-angle  fire,  and  against  the  fragments  of  shells  and 
shrapnel  bursting  overhead.  It  ordinarily  takes  the  form  of  a  shot- 
proof  barrier.  horlBontal  or  nearly  so.  Overhead  covers  are  often 
referred  to  as  hnmbproots  nr  splinter  proofs — the  latler  If  they 
are  light,  but  proof  acalnst  rifle  flre  or  fragments  of  shell  or  shrapnel, 
the  former  If  they  are  strong  enongb  to  reslat  the  curved  and  vertical 
lire  of  siege  guas  and  mortars.     The  teriu  spllater  proof  Is  also  ap- 


.,  Google 


EITOHIEEK   FIELH   KAinrAL. 

onUI  Qover  tbick  eooagb  only  to  stop  In 

trenohPB  even  with  slilc  slopeB 
Id.  a  good  bfriu  IB  liK'lieB  wi 
pnllHl.     Tb<!  minimum  widtb  at  tbe 


griiater  width  redacps  tlie  pratectloD  too  mui^h.  B«vetted 
should  have  a  slope  dF  4  on  1  or  3  od  1  and  not  be  eut  vertinal.  ine 
depth  from  the  top  of  tho  pBrapet  to  the  floor  board  or  bottom  of  thB 
trnnch  nhould  be  Dot  losa  than  T  feet  If  pusalble.  IlMcUt  vt  pjimpet 
will  depend  on  the  site  and  the  depth  of  the  ditrh  tor  drainage. 

«.  CO MCB A LMEKT. — Concealmrat  depends  prloiBrUy  upon  tha 
Dstute  of  the  terrain  and  local  clFcumatanceB.  ETerf  artmclaf  meaui, 
aiRo,  must  be  taken  to  bide  trenehcs,  gun  emplacements,  aud  othei 
works.  The  aim  ahould  lie  to  alter  the  natural  Kurlnce  of  tbe  ground 
as  little  aa  poaslble  and  to  present  a  target  reduced  to  tbe  smalleat! 
possible  dlmengiona.  A  newly  constrncted  deep,  narrow  trench  with  . 
low.  wide  parapet  and  paradoa  la  more  vlalble  to  an  air  acout  than  tba     ' 

earth  la   soddr-d  the  trench.      -"■-■"-■ 
eilent.     In  rochy  sround  or 
Is  C'icac  to  Die  Hiirtace.  a  trE 

L  pro! 

idlcnia 


a  of  polata  of  tha 

.._ ^ Hona — thoaa  above 

I  the  plus  Bipi  and  those  below  with  the  mlnuH  8iBn.  Tbeao 
uuuntltles  me  Inclosed  In  parentheaes  and  are  called  referenco'- 
Generally   sponklng,   tbe  plus  quantities  ri4nte  to  embankments  i 

the  minus  quanlltles  to  eicavatlouB.     If  the  alte  la  not  horlionUl. 

plane  of  reference  is  assumed  to  pass  through  a  point  of  tbe  site 
ToriicaJly  below  tba  middle  point  of  the  Interior  creat. 

r. J   1 —  __. .g  difference  of  elevation;  a  blghar 

.e;  the  latter  commandeA  by  th* 

ed  without  quolificatlnn,  mcana  thf 

. ..   ._  ration  of  Interior  cceat  above  plans 

_-„--e  of  command  of  one  point  over  another  may  b* 

eiprcBsed   by    the    dlfTeronce   of  elevation  In    feet,   or    better,   by    ths 
gradient  of  the  line  jolniuR  them. 

The  relief  of  a  parapet  la  the  aievatloD  of  the  interior  crest  at>ov4 
the  lowi^Ht  surface  Immediately  In  front— the  bottom  of  the  ditch,  tf 
there  la  one.  With  no  ditch  and  a  icvi-t  site  tbe  relief  and  the  helgfit 
of  narapft  or  command  become  the  same. 

The  clear  heieht  behind  the  parapet  will  bR  referred  to  as  Tertleal 
cover.  It  la  the  elevation  of  the  interior  crest  above  the  bott  — 
of  the  trench,  or  above  Ibe  natural  surface  If  there  la  no  trench. 

By  tbe  tbipkneas  of  o  paraiiet  Is  meant  the  horiionia]  dlatanca 
between  the  tops  of  tbe  interior  and  citerior  slopes.  It  la  used  H=  - 
measure  of  tbe  Biuonnt  of  horlcontal  cover. 

9.  The  prlnolpal  coudltlona  which  determine  the  form  of  ^ 
profile  of  horizontal  cover  are  the  following: 

The  Intprlor  aloiie  or  breast  height  should  be  nearly  vertlcaii 
and  Its  height  muHt  corrnspund  to  one  of  the  adopted  Bring  poal- 
tlona,  1.  e.,  lylQS.  kneeling,  or  atandlDE. 

•^'--  ■-■ i»t  IhlckneiB  is  n-k-ulated  by  the  kind  of  Hre  analnat 
-  -JCtlon  la  desired,  aa  rifle,  field,  or  alege  artillery,  and  tho 


vjle* 


if  1{ 


FIELD   FOKTIFICATIOH, 

i  the  BDperlor  and  OTtcrlor  slopps  shoiitct  either  be  mei 
email  ani^le  witli   each   other.      The  bmitiaette  mla 

Tbe  annntltr   of  trench   esenvation   and  of  einbankm 

parapets  In  whleli  all  tile  eicnvaTlon  is  Id  a  trench.  For  heaTy  pi 
pels  labor  iB  sared  bj  making  tbe  trench  aapply  the  Inner  parC 
taking  tbe  outer  from  a  ditch. 

Tlie  comiDuna  shoald  nsually  be  kept  an  low  as  possible, 
better  eonc^Blment.  For  tbe  aame  reason  all  sharp  angles  and  t 
lines  should  lie  aroliled. 

lion  at  nanni  battle  ran^s  is  S  feet  Cor  rifle  Sre,  4  to  a  feet 
field  guns,  and  IS  to  20  feet  for  siege  guna.  It  sliouia  be  remembe 
that  any  protection  is  better  than  DOQe.  Here  coneeolmenl  r 
view  bj  n  aoreen  wholly  inadequate  to  resist  pefielratlon  will,  tor 
fire  especially,  greatly  reduce  tbe  casualties  since  tbe  pn<>mv'a 
Will  be  less  rapid  and  less  accurate  If  be  c: 


Then 


<    Is    (1(>B 
g  banquette  and  of  a 


jgh  width  t 


:   presents   t 


t  the 


.^_.  Bpac. , 

d  the  Bring  line.     Also  enoiigli. 
embankment  work  to  prevent 


cruinblini: 

10,  THB  MODERN   RIPI-K.— The  SprlnKfleld   rifle,  model   1 
adopted  by  the  Unite.!  Stales,  is  a  good  example  of  t^  -  " 

..       ...        ^.       ,_     .  n.^.         ._..^...         go       p„[j,tgj       ,,..11.. l_l 


of  the  type  uaeil  by 
weighing  150  grain* 
The  rifle  Is  sTghlcd 


clip  

hlgb-poveced   magaslne  rifle 


.  It  Is  B- 
Mbots  per  minute.     This 

„_  . — „ —    _    ,  __,    _st    trajectory    (maximam 

dinate  2  Feet  at  500  yards,  14. S  feet  at  1,000  yards.  ^3  feet  at  l.GOO 
yards,  132  feet  at  2.000  yarns,  STl  feet  at  2,S0I)  yards),  thus  ^ylnr 
very  great  danger  space  at  all  battle  ranges, 

The  angle  of  fall  of  the  bullet  at  600  yards  is  about  1/115;  at. 
1,100  yards,  abort  1/20:  at  2,200  yards,  about  1/4.75. 

Rifle  priietro.lt on. — The  following  table  gives  the  approitmato. 
maslmum  penetration  in  varlons  materials  : 

PENETRATION  OP  RIFI.E  RULLBT. 


Inches. 

200  yard.". 

600 

yardfl. 

Commer  ial  teel 

0.30 

a:  20 
a.  40 

2?;  00 

BrifkmMonry.UiUBi 

('.o,wk.( 


nc  i.  I  Fhi  ubbuJ 


I 


FIEID  FOETIFIOATIOW, 


•  tite-  m.  wnlcataxti  if  ^oc  la  ^ 
■  Mi«ni«  ■■Miiiii  mfcii  tkckMk  tkMar 

, l>  tnwk  aFrtpl.  wNIr  »  ttMkWT  WHuri 

c  «<  lh>  hi«>  M»  ji  aC  mwij  fcM  artnen.  uaetbcr  wftk  at 
.1  MNHUei  MWOr  «f  ^natf  dw*.  hn  (VtlHmftkfM  OAcaf- 
Tb«  (•dfaey  •(  wtmnj  hu  ImertmarA  ibr  iBamlfii  •<  <■■- 
wal  Is  tn*(fe  fa^g.  Far  iBaaaUr  tnm  aitttttrj  fce.  twtk 
mati  Mvt  **(■«  Itm  Dp*B  pnatntlac  '  mcM  sf  ^rst  m^ 
M  IMI  little  rtw,  wcfl  f— Mind.  KnTT  BMual  asd  artUctat 
m  la  ukmlMrvd  IWa  tmi.  mwbc*  karlBK  b«ea  pland  r- 


Manrim.  aMnm  (b*  tarmft  artttlrtf  *aa  k«  aablcnHl  t 
wItflMlas  Mara  anlllvrr  Ottv  thm  b  tat  coa  aud*  of  act 
Ins.  wJMck  la  a  fnlactlui  ot  Ibr  aanlwr  of  troofia  trywitA  w  uuuccr 
flrr,  f4n«T  tj  WllMrawlDS  Ann  t«  ibelien  In  mr  or.pEavldliie  dnc- 
onu  la  tfar  Or*  imirb«.  m#  A^t*  of  yaMHaas  for  nqwrts  and 
tb*  roaaenuiian  «(  cdoiI  maimaDlFattiic  trendiea  from  tn»«  poal- 
tlow  to  tlM>  rroDI  llo*  havp.  tbtflort.  bteomt  of  jirinw  ImporUiK*; 
Wbll'  tha  amailtr  tor  obniuHfli  milBclRit  to  rrtard  tbe  enrtii;  ontll 
aupborta  i«a  arrlfc  la  tbn  trool  IIof  ban  bHom*  eqaallT  so. 

IS.  >H«*al  praClca. — Tfer  sdraBtaKra  of  tbe  Domul  profilea 
■twT*  dairrlbrij  are  Ibat  (b«y  prnducc  ■  elTen  cotbt  irltli  the  lenst 
niHnUllar*  of  (law  aad  labor,  and  that  the  first  protMUoo  seeored 
I'aa  b*  iitlll(Hj  aa  parlUI  rorer  vhile  ealarging  and  ntreairt honing  it. 
Tb«   >t^tf-r-'-r —  arr  tbai    tbe  elTeirtlTe  covn'    La   re«Crli.teil   to  a 

ibiy 
In  IbS 


drx,      Mori-    romnlfii-    mnc-alon^ut    Ihaa    Is    afforded    bj 
proBI*   I*   aoai'llini'B    vrrv    dtwlraWo. 

Th*  auraial  proBle  mar  be  modin«l  In  rarloua  tsja  to  meet  local 
tvndlllonii,     Tbr  eavvr  DiaT  ba  ■!■  >B  cnaliBBlcnFmt' 
b*  laKaa   tron  a  illtirli  <ir  liorrowcd  at  a  distance   (Qi;. 
(arm  tlia  ooannaiid   la  cguel  *-   ■"■*   -h-j  __.  ...-  — . 
lu  *  iiraliT  ilUlaiiee  In  ru 
of  tba  alt*  call  for  norr  cotnmaiid 


pratcvtioD  eitenda 

hi-D  the  COD  lilt  Ion*  J 

er  of  the  loli  prtt- 9 

w^t  aoll.  while  »  M 

I  done  for  mad  OI  M 


Hi«iiaui  mut  Kutr&L. 


tv  >**  auMrlvBI  L-uoiinand  and  wlirn  the  erouad   ._   _ 

t,  vvwxJ  wa^ve;  wISd  tlie  aoil  )a  stiff  Dot  woikaW^ 

t~  t  vvu^ilmbls  d«]i1li.      If  there  are  folds  of  erouDd, 

„  Mhn  lUraii*  or  coDcealtnR  It.  the  cxcaTsted  eartb 

a  «a  Iti*  Mrouafl :  If  not.  It  must  be  carried  bwb;,  or 

BtUr  noUM*  on  tbe  rear  side.  coQctaled  by  maUm 
turvtsronnd. 
■nt  v«  imrllHlly  Incloaed  vork  for  it  Btubbom  deienBB  of 
I*  MI«I'«*  Diual  be  heavy  enough  to  reslaC  alege  guns,  tbe 
-  niiliVriilile  to  reslHt  aBsauli,  aniJ  men  on  any  part  of 

„. j«  Mrwnpd  from  view.     A  profile  shown  In  Qgure  16 

»»rvuBrlnir  I^ " "-' *~  ---"- 

jilrj  nr«  U  obtt 

I,  uinat  b*  provided  (rem  thp  ditch  tbroneh  Ibe  para 
I»«!MAr  «l»  rront  Hue  to  re  treat  when  loo  hard  pressed  (flg.  J-' 

HMAm  ■HMiw  of  water  or  hard  niaterint  makes  only  Bhalloi     

T*im  plii'tli^btc.  the  trench  and  ditch  miist  be  wldtncd.     The  pen 

nwt   MM  >»  Blgber  by  the  diffece— -   -•■■'- -    '   --- ■   -— -- 

SvMh  <tl  lr»nch.  no  that  more  mater: 
b*  «»v«d  farllier. 

I'M  vxaDplc.  assume  a  parapet  6  feet  high  with 
of  W  MUare  test  to  have  a  vertical  cover  -'  '"  ' 
b«  ihW  fntm  K  treDcb  4  feet  deep  and  15  fi 
li  bm  "IdP  and  a  dlteh  5  feet  wide  by  4  teev  ueeii.     lu  hi 
ba  dUK  to  "  fi'ct  deep  only,  the  paraiiet  would  have  to  bi 
to  sire  10  feet  vertical  cover,  and  its  area  for  the  aan 
ivvcr   would    be   KG   aguare   feet,   which    would   require   i 
fwjt  deep  aofl  *ti   'i**  "''^e-     The  quantity  of  earth  t< 
la  greater  by  more  tban  half  and  It  must  be  carried,  on 
more  than   twice  the  distance. 

Other  sprelal  profiles  are  shown  tn  flgupes  1,  IB,  and  __. 
14.  Trviicli  termlnaluiET— Aa  tntrrnchrd  sane  consists  at 
entire  eyslem  oC  trenchea  and  their  auxlllarlea.  composed  of  wire 
taDglcmeata  and  other  obetacles,   llsteulng  posts,   lookouts,  machine' 


e  bandied,  aod  It  mm 

ectlonal  a 

r  10  feet.     This 


ThanSt 


™plae 

like,  o<i;upled  o 
Ita  supports  ani.  .•.^■. 
Where  ecveral  sue 
uie  Is  called  the  Srs 
[Irst  Is  called  the  se 
often  happen  tbnt  st 

alrnct'sueb  retired  i 
Plrlntr  trench  Fn  i 

fire  against 


renehes 


appcn  the 
tbose  designated 
often  not  In 
relations  with 


attack.  FIrl 
t  In  near"  ' 
pieces  ol 

requi 


le  la  occupancy  or  ti 
He  zone  next  Iq  rear 
1.  For  convenience  I 
are  occupied  by  genei 
■eserves  are  utilized  t 

irlmarlly  for 


ir  dellTerlnc  rL_ 
re  ordinarily  doC 

...  eelally  Ir  " 

country,  where  various  pieces  of  trench  are  on  the  one  ban,  __  .,_ 

. — ■ —  _i_.i —  ^i.t   — .1 —  -_j   ._|   (jjg  other  coQvenlent& 

to  fields  of  flre,  eoncear- 

ir.     While  It  Is  deslrabla 

._   flrlnK  treaokca  so  as  to  secors  ample  flelda  of  Are,  nev«- 

theleaa  other   tactical    con  si  derations  freqneatly    compel    sacrifices   In 
this  respect.    -ViTtnei  trenchea  are  traversed  and  relatively  narrow. 

-   5  provided   lo   places  irith  overhead  cover    (splinter  proottj,   J 


d  ammuulclon  r 


Sometimes  apitronch 


I  her  purposes  (coi 

log  Hue,   with  appro-"! 


FIELD  FOBTmOAIION. 


Simple   Standing  Tr-ench,  Rocky   Ground 

HiV ;J 


^smm^ 


FIEXD  FOBTIFICATlOir. 

alwoyN  be  maa*-  to  f  How  tTi    pres  ribed  11d«b  o( 


•y  Brlns-  trenck  ill  uld  t  ]fi  ]  the  fotluwliis  esnmtlal  c 

ry  man  tnaat  bp  a  le  to  fire  oypr  thp  parapet  wlQi  prtr^-. 

„. , t  la.  BO  be  can  Jilt  the  bottom  of  Ms  own  wire  putaoglemiait 

(c)   TcaTpraea  mnat  be  adequate. 
(d|    A   parados   must   be   pro>flded   to   give   protMttnn    against   Hie 
back  Wnst  of  high  eiplonlTp  shHl, 

(e)    The  trace  of  the  trench  should  he  Irregular,  to  provide  Qanking 


M 


(f)  And  If  the  ti 


and  the  bottom  of  the  tr 
rench,  the  better  the  ei 


the  line  „^  ^^ „  ,„^  r — i— ■    ^■  — j  .—"  .". 

his  rifle  over  the  parapet,  and  the  men  movldg  behind 

stoop  down  low  In  order  to  get  their  heads  under  covi 

Tfie  leBQltlna  Bectlon  1m.  tfierefore.  with  a  bantiuetti 

'— '•-s  wJtte  and  4  --'  -  ■—■•—  ■  —  -  '-—  ■- •'  — 


this  a   _     .^.     .  . 

from  6  to^  feet  beHfw  the  ._ „.    . 

m     t  baye  a  If  el  aurfa  p  to  give  a  firm  foothold      It  u 
an  earth  step  re  etted  with  planks  he  d  Id  p  ftce  by  stakes 

The  beet  tjpe  appeara  to  be  a  trenrh  witti  a  firing  bnnqoette  fo 
five  or  His  rifles  in  ea  b  bav  betwecii  two  traveraeB  each  6  fee' 
thick  and  wllh  the  ba  ft  pari  of  the  ei  ■a  aH  n  formed  Into  a  -im 
mtiDlratlng  trench  tor  o  >r.emitlan  and   manning  of  parapetG      This 


B  somewhat  deoper  and  3  feet  wide 
—  — e     f  HTiLg  treu  h  hi  s  a  mlnimom  wiucn  o 
ord  the  flrer  be  ter  pr  lect  on     55  to  20  y. 


type     f  HTiLg  treu  h  hi  s  a  minlmnin  nUth  of  28  ImJien, 


a  h  whlcb  p 

the  Phelters  The  *s™tla  point  In  Iral  lug  la  that  one  of  t* 
types  shonid  hp  »d  pled  as  the  normal  type  itulted  to  the  local  r 
d  tl  U1    aul  the  troops   sboa  d   be  thorongbly   tralaed   Id   Its  c 

iwlng  seem  lo  be  t 


16    ComnnnlpatlBK   nnfl    nnprBac*    trmchei  — Types 

jeeomlng  fixed    and  In  Frnn  e  the  fo  o--' ■-  " 

-ommunl  Ht  ng  and  approach 


tbe  top,  « 
of  tbe  soil. 

Berma  of  1  foot  ol 


■Ae  tor  InEantiy  t 
built  entirely  o 


£.rf5 


"i 


B14  ENSINEEB   FIELD   HAirgAI,. 

geatle  froDt  aiope,  aaii  be.\e  taaij  time  lu  consolidate  anil  dr;  out,  tba 
are  iialll  not  to  HUlIer  much  mole  from  heavy  artlller;  UombardmeBt 
removed  wben  the  loophole  Is  !□  use. 
than  do  the  usual  types  of  trencbes  with  low  pacupets. 

Tbey   are.    however,    very    caaBpicuous.    espeeiall;    wbrn . 

require  great  time  and  labor  to  build.  Thej  are  much  more  comfort- 
able for  the  troDpa  sheltered  behiud  them.  The  dltcb  excavation  lA 
(rout  ma;  lie  u^i'd  aa  ao  oliHtacle  and  filled  with  wire.  There  should 
be  at  leaBt  a  2-foot  lierni  at  the  foot  of  the  eiterlor  slope,  so  that  this 
1b  Dot  likel;  to  fall  tato  the  ditch.  Parapets  of  sandbags  eidualvelj 
are  mucti  more  vulnerable  than  those  of  earth  and  arc  of  ezpeuslva 

blacktne'  s  trench  towaid  the  enemy,  bacrlcadlag  a  road,  and  the 
like.  Thej  may  be  used  In  emergenef  In  the  Qrat  zone  If  baste  or 
alienee  Is  ut  paramuuui  importance. 

18.  Head  cover  la  the  term  applied  to  any  horizontal  coTSr  wbtfib 
may  be  provided  Bbovo  tbe  plane  of  fire.     It  Is  obtained  by  notching 


I 


.  feet  o.    ._.   ._ . 

Head  cuvi^r  la  ot  limited  utility.     It  Iccceniwa  tbe  vislblUty  of  tbft  ,,■ 
parapet  and  restricts  tbe  field  of  Ore.     At  close  range  tbe  loopholel  ^1 
serve  aa  aiming  points  to  steady  the  enemy's  Gre  and  may  do  mora  -ll 
harm  than  goon  at  longer  ranges.    This  la  especially  tbe  case  If  the   ^ 
enemy    can   see   any   light   throunh   the   loophole.     IIo    waits   for    tbe    . 
light  to  be  obscured,  when  he  lirfs,  knowins  there  Is  a  man's  bead 
behind  the  loophole.     A  background  must  be  provided  or  a  removable 
Bcreeu  arrimged  so  that  there  will  be  no  difference  In  the  appearanc« 
of  the  loophole  whether  a  man  Is  looking  through  it  or  not.     Head 
cover  la   advantajieous  only   when   the  conditions  o(   the  foreground 
are  such  that  the  enemy  can  not  Bet  close  up, 

N«(i^ea  and  looptLolea  iflga.  110-22}  are  alike  In  all  respects 
except  that  the  latter  have  a  roof  or  top  and  the  former  have  not. 
The  Iwttom,  also  called  floor  or  aole.  la  s  part  ot  the  original  superior 
slope.  The  aides,  snmetloiea  called  obecha,  are  verticai  or  nearly  BOi 
Tlie  plan  depvuda  upon  loral  conditions.  There  Is  always  a  QarTovr 
part,  called  tbe  IhroKt.  which  la  JUHt  lai%e  enough  Co  take  tbe  rlSe  ^ 
■nd  permit  Blgtitlns.  From  the  throat  tbe  sldea  diverge  at  an  angU^  .^H 
called  tbe  atilaT-  which,  depends  upon  tbe  fleld  of  Ore  necessary.         1 1  ■■ 

Tbe  position  of  tbe  throat  may  vary.     If  on  the  outside.  It  Is  lea  V 
conspicuous  but  more  cssily  obetmcted  by  injury  to  the  parapet  »>4.a^| 
more  difficult  to  use.  since  In  changlug  aim  laterally  tbe  man  muat^fl 
move  around  a  pivot  In  the  plnue  of  the  throat.      If  the  material  of   •■ 
which  tbe  loophole  Is  coostructed  presents  hard  Surfaces,  tbe  throat 
sbould  be  ouislile,   notwithstanding  the  dhsadvanttMos  of  that  poal> 
lion,  or  else  the  sides  mutt  be  stepped  na  in  flgurc  22,     In  some  cases 
It  may  be  liest  to  adopt  a  compromise  position  and  put  tbe  throat 
In  the  middle  (dg.  £2),    Figures  23  to  26  show  details  and  dimensions 
of  a  loophole  of  sandbaga. 

A  servlceiiUe  form  of  loophole  consists  of  a  pyramidal  box  of  plaak 
with  a  steel  plate  spiked  across  the  small  end  and  pierced  far  Are. 
Figure  2T  shows  a  section  of  such  a  coDHtructlon,  It  Is  commonly 
kDOwn  as  tbe  hopper  loopbole.  Tbe  plate  should  be  )  inch  tbick  If 
of  spedal  steel,  or  1  Inch  If  ordinary  metaL  Figure  2S  shows  Uu 
opening  nsed  by  tbe  Japanese  In  Manchuria  and  figure  29  that  UBe4    i 

Tbe  construction  of  a  notch  rfqalres  only  tbe  Introduction  of  somSi^ 


^      notch  hi 

r 


)  form  the  sides;  by  nddlng  a   cover  tuS 
Various  mntbods  of  supportlnii  earth  wlufl 

tments.-'      Where  f-  "--   ■--' -■«- ■ 

angle,  loopholes  n 


nSLS  FORTIFIOATIOV. 


Sn  YHOatBSn  TOLD  lUXJTAl. 

long  allt.  Sncb  a  form  will  result  from  laTlnc  lags  or  laaclnea  ICDStk- 
wlae  on  Ibe  pnrapel.  supporipd  at  Internals  Oy  -suils  or  otber  mater'-' 
(Dr.  SI),  or  BmnJJ  poles  covered  with  earth  oiaj  be  used  |fl|i.  30). 

WbeD  orerbeai]  i-urec  i«  (U^d,  luophoies  <.re  oecwsary.     The;  mar 
be    collective    or    IndiTiflDiil.    constructed    of    sandbags,    wood,    steel. 


1 


hoidlen,    or    otber    material.     Tbe;    Bhoald    be    conwaled    bj    using 
..  ._  ._         j^ .  __      .^..    .^ .   _.        bBekgronnd 


graaa,  hraah.  canras.  or  empty  gandbags.     Tbe  gfcy  a 


_, d  by  raising  tbe  parBdoa  or  placing  a ,   , ,  , 

bPhlnd  tbem  and  c^loslna  rhe  opeoing  tdtb  a  metal  corer  wblcb  can  be 
removed  vben  tbe  loopbole  li  In  use. 

Id  addition  to  tbeir  rlBlbiltty.  loopholes  hare  the  dlandTantage  Oat 
they  cause  a  pause  In  the  Are  of  tbe  defender  ■beu  the  attaA 
rencbes  the  most  deadly  zone  of  Qre.  because  the  defeoden  bare  to 
witbdrnw  their  rlQes  to  prepare  for  bnyouct  flgbdng.  it  Is  therefore 
necessary  to  arrange  for  Dre  over  tbe  parapet.  For  this  pturpoae 
banquettes  cnn  be  constroited  of  sod,  stones,  logs,  or  Rcallolding  be. 
tweea  tbe  loopholes.  In  all  firing  trenchee,  howerer.  a  few  loopholes 
are  desirable  for  tbe  use  of  snlperx,  aod  tbfre  may  be  one  or  two 
between  each  two  trnverses.      AU  nl«ht  firing  Is  oFer  the  parapet. 

In  some  sectors  Ihe  loopholes  should   ba?e  their  axes  Inclined   to 
the  Dormal   la  secure  flanking  Are.     Every  loophole  intended   tor  ob- 
servation should   be   placed  obliquely  In  tbe  psrapet   iu  order  to   ba    , 
protected  against   shots  from  tbe  front.     Tlie  hottonj  of  a  ioopbola    I 
must  be  In  the  plane  at  Are  that  sweeps  th.'  eround  Id  front. 

19.  Overhead  cover. —  (Bee  figs.  X  and  32  to  3T.I  < 

TbF  thlckneaa  of  vt-erheiid  vovtr  depends  upon  the  clasa  of 
Are  ngaiiBt  which  protection  ti  dealied.  and  Is  someilmes  Hmlled  by 
the  vertical  space  STailuble.  since  it  must  afford  henifroom  beneath, 
and  generally  should  notproject  above  tbe  nearest  natural  or  atti- 
flclai  horiiontsl   cover.      For  splinter  proofs  o   layer  of  earth  6  to 

„  ,__■._.  iL,... ^  _.  ■—Qg],  or  poles  strong  enough  to  hold  It 

a  borliontal.  If  Ihe  front  Is  blglier 
man  ine  rear,  less  tnicKnesa  la  necessary  ;  If  the  rear  Is  higher  than 
tbe  front,  more  Is  required.  For  bornhproofa  a  minimum  thickness 
of  6  Inches  of  timber  aud  3  feet  of  earth  U  necessary  against  light 
field  guns,  or  12  Inches  timber  and  d  feet  of  earth  against  tba 
light  howltier^.  AgalDst  6-inch  howltiers  a  tblckneas  of  12  feet  of 
eurtb  Is  required. 

in  determining  the  mrrm  of  aT«rkead  ewer  te  be  'provided, 
allow  0  square  feet  per  mno  for  occupancy  wbila  on  duty  only,  or  12 
—  .__  .__. ....  i^ntlnuouj  occupancy  not  of  long  duration. 


IS  occupation  18  to  2I>  square  feot  per  man  should  Ik  provided. 
..  iraportance  of  evrplicad   co»eip  Is  more   upuerallv   •vcok-  a 
■d   than   formerly.      In    actual    trench    con-'trucilon 


The  Iraportance  of  evrplicad  covei 

.__j    ... —    . — jjjrjj.       In    acinal    trenc.    ..    —    —    „ 

Id  ttppear.    The  llsktrat  possible  cover  Is  Itettei 


g  the  flrat  tkoDKhta  of  an  offlcpr  who  .   .  _ 

n-sponslble  for  Intrenching  a  Hue  of  troops  should  be  the  Irind  | 
,.._   _.  .   ,  ,pr  overhead  cover  which  Is  In  reach  I 

„ .,i" 'the 'front  wall  o.   ._.   

maile  by  undercuttlnB  are  uU]ectlonable. 

they  waakcn  the  resistance  to  ihe  burst  i 

eeitiiln    amaunt    of   spl  in  tor-proof   cover   should    be    pro' 

front  line,  and  it  will  also  serve  as  protection  ngnlnst  ine  westner. 

The  liesl  place  for  It  is  In  tbe  walls  of  the  cover  trench.     It  may  also 

lie  placed  behind  the  parados. 

20,  Bombiiront  afceltera  safe  against  heavy  bInh-eiifloBiTe  shell 
have  to  be  dug  very  deep  and  entered  by  a  narrow  opening  and 
slepa.  This  means  delay  for  the  men  In  geltlnii  out  of  the  bomb- 
proof, and  every  moment  Is  Important  In  a   well-planned   attack,  as 


artillery  lifts  Its  range. 


r  the  protection  of  n 


1   (f«      L 

ndtm 


SW  -      EHOHrEIE   VTStV   KAHTTAL. 

which  HpeclBl  lifts  may  be  jiroTlfled)   and  their  iJetHChmen 
coinpnuv  comciund  poste.     They  nri?  also  dangomus   Id  aa 
BUB.      TTiey   Bre   Beneralir   ronllnpa   to   the   position   of   thf 
ceBerves  and  (o  the  BiroDg  points  that  maj  form  a  part  of  tlie  front  I 
Hyatem.      They    may    be    used    eleewhere.    however,    If    the    a"         ' 
natural    teaturea    are  fHTorahle   to    their    eonatnictlon    and    i 
'    ■  ;n  out  of  them  qplckly. 

^  tn  keep  out  Bpllnters.     T 
.  _,    ._.    ..  ..      urn  In   the  approach  trench  l.    _^    „ 

traverse  or  Bpllnter  proof  of  cflblona  or  eaodbaKS.  Each  shelter 
should  he  provided  with  two  entrancea,  of  which  one  miiy  canalxt  of 
H  simple  exit  without  bead  cover,  with  a  little  stairway  to  be  used  In 
case  the  main  entrance  Is  obstnictBd. 

The  shellera,  which  are  gfiierally  large  enough  for  25  men  at 
moat,  sbould  he  tonstructed  so  that  they  will  contain  the  men  not 
on  guard,  half  of  them  seated  and   half  of  them  IjlnB  down. 

T^e  roof  may  he  built  as  follows : 

FlPBt  a  layer  of  poles  6  to  8  Inches  thick,  then  a  layer  of  earth 
8  to  12  Inches  thick,  a  Beconfl  layer  of  poles  at  right  angles  to  the 
flrat,  then  a  second  layer  of  earth  12  inches  thick. 

The  water-tightness  of  the  roof  Is  secured  by  ahecta  of  corru- 
gated Iron  on  the  top  layi^r  of  polpa  or  hy  tar  paper  placed  on  the 
Burbce  of  the  earth.  In  which  case  the  n-oUDd  should  be  well 
tamped.      It  Is  well  to  place  brush  or  straw  ijot ween  the  shee 


d  the  earth  above,  also  to  plaoe  branrhes  od  the  : 


r  heaiUH  must  have  a  good  marEln  of  strength  beyond 

that  necessary  to  support  the  load  above  them  so  as  to  stand  the 
Hbock  of  the  explosion  It  will  he  seen  that  this  roof  is  fully  6  feet 
thick  Hence  the  shelter  will  reqi  Ire  to  be  at  least  10  feet  deep  If  Its 
poBltioQ  Is  not  to  be  too  conaplc  o  s. 

"1  The  following  la  a  de^crlptl  n  of  a  type  of  dugout  conatmc- 
tl  n  The  eonatcuctloo  of  tl  e  doEnota  has  been  carefully  studied 
and  deslCTied  to  withstand  shell  Ore ;  There  Is  flrsi  a  lower  roof 
made  of  curved  eomgated  Ire  n  civered  with  two  or  three  layers 
of  aandhags  and  above  this  Is  an  air  space  of  not  less  than  18 
Inches  oier  which  Is  placed  steel  a-inch  1  beams;  then  another  air 
space  and  layer  of  mrved  c  rr  isnted  Iron,  upon  which  are  aand- 
bajtH  steel  6  Inrh  I  beams  and  earth  ;  and  on  top  of  all  a  detonat- 
ing surface  made  of  broken  brick  or  stone,  the  Idea  being  to  have 
the  shells  detonate  on  top  of  upper  roof  at  the  surface  of  the  uround, 
and  not  penetrate  through  air  apace  Into  lower  roof  before  exploding. 

22.  The  extended  use  and  effect  Ivenesa  of  artillery  Hre  demanda 
an  incrense  In  the  number  and  strength  of  shelters  provided  for  the 
men.  The  light  apllnter  proofs  are  repiaced  hj  shelters  with  strong 
roofs.     This  is  possible  becauae  the  great  depth  of  the  trenches  ftir- 


lei^tl 

Fd'ti.    ,_   ._ _ 

dMtincllon  of  one  eilt. 
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Ruiil  timbers  must  alwaja  have  tbt 

roofr''Tiiia'fllloWB"(or  Ibe^hotk  of  th .    . 

tiagency  thac  a  new  garrison  aiAy  pile  2  or  3  fi;et  mare  at  eactli  on 
top  a(  the  existing  root. 

A  rpctaogular  timber  will  support  more  w«lgbt  If  set  on  Its  edge- 
tban  If  set  flat, 

Th«  enils  of  timberB  sbonld  never  be  EUpported  on  sHQdbag  iralls- 
or  even  direct  on  aoUa  sround.  A  strong  timber  frame  should  always 
be  used  on  two  opposite  Bldea  of  the  ahelter  to  support  the  esda  ol 
roof  timbers. 

24.  A  "  burster  "  layer  of  6  to  12  Inches  of  brick  or  stone  should, 
always  be  provided  nesr  the  top  surface  of  tbe  roof.  Over  this. 
burster  layer  should  be  a  layer  of  nnt  li-ss  than  Q  Inches  of  earth  to 
decrease  Uaogir  from  the  ai.'atterlna  of  the  stone  or  bclck  by  the- 
burst  of  the  shell.  As  the  object  of  the  burster  layer  Is  to  eiplod» 
tbe  sbeU  Dear  the  anrface.  It  will  be  to  a  large  extent  defeated  it  the 
layer  of  earth  abore  It  la  made  mare  than  12  inches  thick. 

Cave  (^eltUB  must  be  ventilated  and  the  ventilator  may  be  utUr 
liGd  for  a  periscope. 

25.  Spltnter-pFOnf  ooTer  la  afforded  by  a  layer  of  l<ws  or  beams- 
6  Inches  or  more  In  depth  covered  over  with  not  less  than  12  lnchB» 
of  earth.     The  following  forms  a   roof  proof  against  a  6-lnch  hlgh^ 

eiploslve  shell ;  A  layer  of  rails  or  benms.  IP  — ---■  -•  — -•"    -  ' 

of  brick.  2W  feet  of  earth,  anotber  layer  of  t 
and  oTer  all  6  Inebea  of  earth. 

26.  Trace. — In  field  fortiflcatloo  the  term  trace  usually  dealg- 
natea  the  borliontal  projection  of  the  interior  crest  If  the  interior 
crest  were  traversed  (aee  Keconn«tsajioce)^aDd  the  traverse  plotted  on- 


n 


t  natural 

„ f an.     In  pr ._ 

usually  happens  that  tbe  troops  are  located  with  a  view  to  uklQg  full 


h  determine  the  stransest  natural  position.      In  pracl 
■     ■    ■  .  .      r..  jp^  ^  ^^^ 


of  tbe  features  ot  natural  strength,  aad  the 
are  thrown  up  where  they  are  to  give  them  additional  protection. 

The  interior  crcat  should  be  borlmnCal,  aod  hence  the  crest 
should,  as  a  rule,  follow  a  contour.  Generally  a  broken  Une  will  ap- 
proach the  contonr  near  enough  and  will  be  easier  to  Iny  out  and  conr 
struct.  If  tbe  contour  curves  sharply,  the  trace  should  curve  also; 
Angles  must  be  rounded  off  to  make  them  less  consplcnous,  and  at  ths 
heginning  and  end  of  a  trench  Its  bottom  should  gradually  rise  aoa 
llip  parnpet  fall  to  nothing  for  better  eooeealmenf, 

Tbe  particular  contour  to  be  chosen  depends  upoo  local  conditions. 
Figore  SS  Is  a  Boctioo  or  profile  of  a  ridge  perpendlcnler  to  tbe  geo- 
eral  direction  of  Its  prest.  The  Bummlt  of  tbe  ridge  T  Is  called  the 
iDDvKraplilc  crejit.  The  contour  corresponding  to  ttie  point  It 
Is  the  one  from  which  all  the  ground  In  front  can  be  seen  and  reached 
by  Qre  and  Is  called  the  mllltBrr  creat.  Tiie  sky  line  la  varlabla 
in  position.    ^Froin  the  point  O  the  sky  line  Is  at  D.     Froni  E  fha 

ia)   To  avoid  a , 

(b)  To  occupy  the  military  crest  or  a  line  In  advance  of  it ;  and 

(c)  To  preserve  communication  under  cover  with  the  rear. 

If  tbe  ridge  is  steep  and  Is  Intersected  by  ravines  or  covered  witb 
STOWtb  through  which  men  could  move  unner  cover,  a  position  neai 
tbe  foot  of  tbe  slope,  as  Q  (fig.  38),  might  be  better,  as  a  plunging  Hre, 
besides  being  more  diOleult  to  deliver,  is  not  ao  eDieclive  SH  a  fire  par- 
allel to  the  ground.     Such  a  line  would  n^'  --  "- '-  " '  — ■— 

ance  and  would  not  as  a  rule  hi 

constructed  on  tbe  military  urei  _....,  _      ..   .._ 

the  men  from  the  (rwitito!  Wder  the  best  cover  possible  when  It  Ci 
no  longer  be  held.    t.j...  •_■■*■•, 


l«^  #  41,., 


S7.  Rlnda   o*   trm-p.—Flfiii works  nre   claeslHefl   by   the  form  olM 
tbelr  traee  Into  opi-n.  hair'plDned,  and  cliincd  vcorks.    An  opM^B 

■-  ' le  afTordlUK  cover  on  the  aide  of  tlia  enemy's  opproHCh  — *" 


figure.    _A  line  o 


1    deppnds  UpoD  BdjB  ent  pnrL  _.  .. 

Its  RniikH.      Ends  of  h  line  r  rlred,  as  Id  dRure  id    g1' 
of  adJatr^Dl  trem-bps  for  flanklDE  support 

.. ^  ^. _,p  ^„^p  g  ama  SDHCe  In  the  ditch  0 

the  worl  Ii 


lanipM  IS 


<i1oae  in   front  of  the  nt 

mnst  be  swept  br  flank  _... .    _     

Ola  ground,  or  a  tine  may  be  made  iclf  flnnUnit  b}  eivlngr  It  . 

sbown  In  flgure  41  Tl  p  long  lln^s  maj  be  200  to  3itO  yards  long  • 
«Ten  tongpr.  The  short  IIdp  Bhonld  not  he  Ibbb  than  l^  jards  lonfc 
and  thpir  rr«st9  should  be  held  \<m  er  tban  th"  rest  I  Ines  are  always 
In  the  clans  of  np*n  works 

The  dend  space  may  be  arolded  bf  adoptlne  a  form  of  proBle  called 
the  Irinnemlm-  shown  Id  Be  irc  41  The  dlBOdtautages  of  this 
proflle  are  the  addltl  nal  lator  at  p  nntru  lion  Tim  A  mlnFnhPd  thick 
nesB  o(  The  upper  pnrt  of  the  parap  t  and  the  comparatlvelT  Bllgbt 
obstacle  to  escalade  prPStnted  by  the  Hatter  slop"  \  flunklne  ffre  Will 
usually  be  prefecr-d  I     the  trlnnjnilar  profile  ^ 

38.  A  redna  consBta  of  two  lines  called  taeen  ob  apd  ao  flUU'S 
421.  which  make  an  anirlp  of  about  (It)  This  angl  Ib  called  tlKfl 
■iiillenti  Its  bisecting  line  ad  the  eairltnl  and  the  line  be  tWM 
Borife.  The  redan  is  mn  nlj  ^ed  to  secure  s  nnnklng  nrn  aJoDf  I 
A  line  of  parnpet  or  a  protw  (in    n  Important  i;ronnd 

The  exterior  angle  nt  a  between  the  facet  prolonged  Is  dead  spa«e 
which  mUBt  be  denied  to  thP  enemy  by  obBtnelct  or  cnvered  bv  Are 
from  adjacent  worka  or  the  antile  may  be  tmncflted.  aB  e  own  hy  tho 
full  line  In  Bgnrt  4"  Bueh  a  disp  Sltlnn  la  a  pan  (rouiifr  The  pan 
coup*,  If  short,  fan  deliver  bnt  a  BMn!!  volume  of  fir  The  Irun 
cation  may  be  made  by  a  broken  reeotropt  line  as  shown  dotted  In 
tba  figure.  This  torn  Is  called  a  prtpiit  f»i>  \  r«l  n  ta  usually 
—en,  but  may  be  male  a  half-cloaed  work  by  r'--' — ---■ 


SSS  EITOHTBEIt   VTELT)   ICAinTAL. 

grijuail  aroaod  It  to  effective  rllle  range  and  la  not  visible  from  artU- 

!□  preparing  R  defennlre  positioti.  It  sites  meeting  tlic  forpaolng 
conditlonB  cud  be  found  on  whlcii  redouMs  can  be  built  to  danE  ths 
adjacent  trencbee,  tbey  ahould  by  all  mi'nns  be  built,  Redniibis  In 
good  position  In  rear  of  «  line  torin  valuable  aupportiDg  points. 
The;  also  And  Important  applicatioD  for  laolnted  poHta  on  line! 
of  eommnol cation  or  in  other  territory  whpo  the  encmr  can  not 
operate  In  considerable  force,  and  will  probnlily  not  hare  artlllerr. 
Here  InTlsIhillti  is  lees  neceflsary,  the  Brst  ri-QuUlte  being  Becurltr 
for  the  garrison.  There  muBt,  however,  be  no  higher  sround  wlthla 
short  range,  and  beace,  In  rolling  country.  «ucb  works  will  uriibII; 
be  placed  OQ  lilllB  or  rldces.  As  Ihey  are  nauallj  to  be  occupied  for 
some  time,  care  must  he  taken  that  a  nopply  of  water  is  availablfl 
and  prope      "  '"  "        "  ..... 

31.  Tii< 

the  probable 

The  Blin— 
selected,  \ 

correspondN  to  the  firing  trencb  and  the  ri 

responds  to  the  cover  trench.  All  the  iui-iiutnuu»  .m.  mi^un  lu 
paragraph  20  apply  eicept  that  It  Is  not  worth  whll^  to  make  any 
sscrlflces  to  secure  straight  lines,  and  u  profile  giving  naivluB 
enrtli  should  be  used,  which  sorplns  should  be  thrown  to  the  rear  to 
obtain  eotne  eaver  against  rrverae  llre|  this  especially  at  the 
returns  for  dressing  stations,  etc..  as  in  case  of  an  attai:k  from  tbe 


roper  dtunoaltlnn  dt  refnse  provided  for.  ■ 

The  traee  of  a  redoubt  will  depend  upon  the  size  of  the  J 
on  to  be  acoommodated,  the  conflguratlon  of  the  ground,  tuul  ■ 
robable  direction  of  attack.  ~   M 

'  almpleal  redonb)  Is  an  Infantry  trench  Inclosing  the  are&  ■ 
id,  with  communicating  trenches  jolnlDg  the  front  face  whicb     } 


■me  {TsrrtBon  should  always  consist  of  one  or  moTe  nnlta  of 

command.  No  work  shoujil  he  designed  for  less  than  a  company. 
If  a  larger  lorce  than  one  company  Is  needed,  then  two  companies, 
and  so  on.  It  Is  quite  usual  to  indicate  the  size  of  a  redoubt  by 
its  garrlaon,  as  a  one,  two,  or  four  company  redoubt.  The  garrison 
HSHumed.  the  work  sboj^d  be  large  enough  to  give  n  rard  of  pnrHpet 
for  not  more  than  tvA  men.  The  length  of  parapet  Is  determined 
Srst,  as  the  siting  of  a  small  work  may  dlXcr  from  that  of  a  largec 
one  on  the  same  ground. 

The  adBptntlnn  la  the  Kronnd  consists  mainly  In  the  deler- 
mlnailon  of  a  closed  contour  bavins  the  dijelred  longth.  Bucli  a  con- 
tour, generalized  by  taking  out  small  klukB.  will  usually  be  the  best 
location  foe  the  parapet. 

Mun  .I  tn  in  yards  apart  may  stand  an  the  contour  and  bold  a  trao- 
■    '  ■'"    il  the  Interior  crest.     By  looking  over  Ibc  tape 

*— ■-—  —-'-  part  ot  the  parapet  will  eom- 

.  the  crest  must  he  advanced  or 
the  command  Is  greater  than 
m  luotit^u  ui  retired.     Note  also  whether  the 
:  sides  of  easiest  approach.     If  not,  the  trace 
dace  that  result.     If  posalhle,  the  tape  should 
t  distance  all   around^  the   outside,  and   if   It 
on  the  sky  line,  they  should  be  aottened, 
A*   to  details   or   irnce,   straight,  lines   are   to   be  preferred  to 
curves  as  being  easier  to  lay  out  and 

guide  to  direction  of  Are.     If  curves  mi ,  ._. 

Esvc  at  least  20  yards  radius.      All  faces  should   be  long  e 


\  quadrilateral  with  truncated  comers  Is  a  good  type.  K  two  ad]«- 
wnt  faces  Intersect  at  an  angle  of  !!0°  or  leas,  trnncatlon  la  not  nee- 
«sary.  The  longest  face  should  bear  on  the  ground  from  which  the 
trronfr^Ht  nttack  IS  to  be  ejected  and  the  entrance  will  usnallv  be  on 

side,  though   ft  81  tacit  from   any  direction  Is  eapeclally 

--' should  be  on  that  face. 


imiB  VOB  TiFIC  ATXOH. 


32.  Prollle.— S< 
d  of  a.  redoubt 


..  ._     Jjiound.       .„ _    . 

■Qd  offer  erealfr  reHiBtan<.-<>  to  asHftult.  hul  will  Increase  the  visibility 
ot  the  work  and  the  labor  of  building  It.     The  liortionlal  cover  need 


, 9  the  adjacent  trenches,  as  the  latter  will 

certainly  be  exposed  to  deliberate  artlllerj  Qre  and  the  redonbt,  aa  «. 
cole,  will  have  to  realal  unalnipd  and  ncatterlug  artillery  Ore  only. 
A  Beceamrr  feature  Is  a.  trench  deep  and  wide  enough  to  give  com* 
I)lete  sheller  and  free  commnnlcatlon. 

3:1.  IntrrloT  srraniceiiienta.— The  moat  Important  thing  la  tho 
protection  of  the  Rarrlaon  from  flank  and  reverse  fire.  When  Invlal- 
■     '  ■■        -  "     f  is  the  eaaleflt  method 


bility  li 
of  KivlD 


M.ry.  It  need  not  ordinarllv  be  heav?.  Bix  iQcbea  of  earth  on  bruah- 
wood  stiff  euuu^  to  support  It  will  usually  suffice,  When  long-range 
flre  may  he  espected  from  the  front  only,  the  overhead  cover  will  be 
developed  along  the  front  edge  of  the  tri-nch  of  the  front  face,  In  eiea- 
vatlODB  perpendicular  to  the  trench  on  Ibe  liitnka,  and  along  the  edge 
of  the  trench  opposite  the  parapet  In  the  (rorge. 

Flgurea  47  and  48  show  ao  infanlry  rcdouUt  recently  built  at  Fort 
Riley,  Kins.,  tor  test  purposes.  It  embodies  aome  of  ths  latest  ap- 
proved feainres  of  auch  works. 

There  la  a  tendency  to  limit  the  oae  of  redoubts  to  the  atrengthen- 
Ing  of  key  polnia.     In  other  sltuatlona  ttieir  depth  must  be  restricted 


iBBlble,  BO  that  the  redoubt  r _ _   ... 

Overhead  cover  will  always  be  an  Imporli 


%  possible  all-round   long-range  fice,   short  gallerlf 

•  —   "- •  -"   * '•-"       "•'•■-  -• '--ment   <,.    tu.>r,™ 

e  Interior  ot  the 


1   the   rear  of  all   trenches.      Tbladev 

.  _  .  -    ,-  .      The  par  . 

and  tbe  ahelters  in  them  mast  be  well  traversed,  the  former  by  blacka 

—  — —-  — '"■  -llique  or  cro<—- ■  -^ "■—    — '  — - 

■r- proof  part 


Of  earth  with  oblique  or  crooked  passs^s^cut  through  t 


_  .. ..       ^ _J,  with  settlona,  of  a  redoubt  on  I 

ground,  where  a  command  of  T  feet  la  permissible. 

34.  Hoilrpn    develoiimenta.— Rather    thaji    reiDlntlonlzing 

•rt  of  battle-field   fort  Ideation,   tbe  experience  00   the  west  front  In 

™ ..,. ,,.-.    j_.„.  — ..    .    .—.„.,.-,    „j(^    ^^g,^ 

ran    emplace- 


irope    shows    that    deliberate    permanent    fortifications    with    their 
cnpofaa.    concrete    parapets,    magaslnes.    and    prepared    gun 
menta  have  given  way  to  line  upon  line  of  Intrenchmenis  ai 


work   IncoDsplcnous  as  [losslble,   manned   by   en   ample   number   ot 
mobile  troops  thoroughly  trained    In    trench    warfare,    with    artillery 


of  all  calibers,  but  mobile  end  easily  conceBled.     The  extent  and  the 

Fh  of  the  poattlnns  that  have  been  prepared  In  nortbern  France 
an  attack  npon   them   which  npproilBiatea  to  tMolar   aicgo 
..._„    _!..,.  ... ..J  ,uf  along  the  east  front  and  In 


operstiona,  while  the  war.  as  carried  out  along  the  cl _ 

the  Balkans,  apprnnthea  clnser  to  fleld  conditions  that  would 

Although  'the  prlnelples  of  field  fortlBcntion  or  field  Intrenebment 
have  not  changwl,  there  ore  many  eitenslons,  odaptatlons.  and  new 
applleatlons  of  existing  prloclplee  which  have  been  developed  In  the 

.^n.  The  developmenlB  to  be  noted  are  due  to  the  following  moln 

(a)  Improrement  In  Rttlllery  1  longer  ranges;  heavier  prajertlles ; 
high-exploslvc  sbetls:  spaloinl  uee  of  shell  and  ■IirKvne'I  In  de- 
molishing earthworks  ana  chtttng  wire  etitanErleDientB ;  Vast  number  of 
guns  and  enormoux  expenditure  of  ammunition  :  skliltnl  Indirect  Sre. 

(b)  Iinprov«i  methods  of  observation  and  communication  :  balloons, 
airplanes  ;  photocraphy  from  aircraft ;  talepbonM,  wireleSB  telegrsphy  ; 
motor   transportation. 

(d)  CoDttaoouB  Intrenched  poslttons  with  unassailable 

(rl)   Long-conllnned  occupancy  of  field  works  at  all  aeasoba  of  tbft 


1  fianks.  I 

asoba  of  tbft     J 

.Goo<^ltrf 
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(e)  The  ccuslructlou  of  Intrenched  poeitlons  In  localities  of  eieat 
diversitr  as  to  topographj.  charafter  ot  Boll,  geology,  vegetabla 
growth,  and  dralnflge. 

(/)   The  clOBG  proximity  of  the  oppoelcg  lines  of  trenches. 

(0)  The  use  of  oew  dcvloea  and  metbodE  of  attark.  such  al 
grenadeH,  treneb  morlsrs,  poisonous  gases,  Inflsmmsble  liquids.  Intense 
artillery  bombardnieDt.  barrier  fire,  machine  guua  In  great  niimbera, 
and  many  accessories  develnpnl  tin  the  result  of  the  cnDtinual  reaction 
between  the  attack  and  tlie  defense. 
The  most  coDsplcuous  chaages  that  liave  resulted  In  held  forllBca- 

1    Less  eitenalve  field  of  Bre. 


IS  I 


,_,    , , B    greater    dlfflculty    of 

concealment,  Involrlng  use  ot  Bcreccs,  dummy  trenches,  hidden  em- 

(D)   Deeper  and  narrower  trenches. 

(d)  Greater  usp  ot  traveraes  nod  parados  In  Bring  trenches. 

(e)  The  use  of  many  support  and  cover  trenches  generally  parallel 
to  the  flrlng  trench,  and  not  very  distant  therefrom. 

y)  More  QumernDS  communicating  and  approach  trencbea,  screened 
deflladed,  torniliiB,  with  the  firing,  cover,  support.  Intermediate, 
and  reserce  trenchea.  a  labyrinth  of  trench  work  known  as  the  "  Brat 


(C)    Increased  use  of  cover. 

(A)   ProvlaloD  of  ahelter  for  men  In  cover 
and  reserve  trenches,  and  In  deep  undcrgroiin 
shelters."  safe  against  powerful  artillery   fire  i   ttaa  saie  huvlu 
the  walls  of  the  cover  and  support  trcQCbes  and  somettmee  1 
firing  trenches. 

(1)   Eitenalve  nse  of  strong  points  and   supporting  points  I 
first  Intrenched  zone. 

(ft)  Provision  for  the  defense  ..  

trenches  against  flank  attack  hy  hostile  torci 
through  the  front  lines. 

(I)   A  second  Intrenched  mob  some  two  or  three  miles  In 
the  first  zone,  generallv  on     '  "  ■  ■  .  - 

connected  with  the  firsi-ion^ 
or  artificial. 

■         -  ■    '  still   farther  to  the  rear  for  possible 


ncy  In  case  of  defeat  or  retln 
(bI   Incri        ■  .      .    .     . 


■eased   use   of  obstacles,   especially   barbed-wire   entangle- 

|oj  Increased  use  of  mines  and  countermines. 

(p)  Accessory  Bpeclal  measures  to  prevent  surprise  and  to  rPBlit 
special  methods  of  attack. 

{q}  Systematic  measures  to  prevent  coofoslDn  and  going  astnty 
o(  troops  moving  In  the  maze  of  trenches,  by  day  and  by  night  such 
as  guide  poBte.  Ughts.  mapn,  names  of  approachcB  and  shelters. 

(r)    Routine   measures"   of   maintenance,    convenience,   and    comfort 
due  to  the  long-continued  occupancy  of  the  trenches,  such  bb  revet, 
ment,    dralnnB''.    heating,    food    supply,    water    supply, 
aupply,  and  sanitation. 

36.  GcBeml  cnmaMcTntlana. — Tbe  proper  use  of  shelter  trencbea 
for  the  protection  of  firing  lines  Is  a  matter  of  utmost  Importance 
to  success.  It  may  be  accepted  as  a  principle,  establlsbed  by  ei- 
perience,  that  a.  line  of  meu  cau  not  remain  stationary  under  fire 
without  cover,  natural  or  artificial.  This  Is  true  In  every  phasa 
of  action,  whether  advancing,  retreating,  or  standing  oo  tbe  defen- 
sive. Cover  at  all  times  Is  desirable ;  on  the  move  It  may  be  dls- 
penHed  with,  at  a  bait  never.  In  aoine  rases  the  cover  will  be  partly 
nataral  and  partly  artificial,  I,  e,.  partial  natural  cover  arHflulotly 
Improved.  In  a  majority  of  cases,  however,  conditions  of  fire  cfll- 
dency  and  concealment  will  require  a  line  to  be  plnrcd  where  It 
could  not  possibly  lire  without  artificial   cover.      Another   principle 
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atPB  materially  i-    

■mall  covered  observntlon  etntlon^  „  ^ r 

40.  Timber  or  pole  revetinent. — In  eaae  o(  loDB  contlnned 
occapaDcy  Of  the  trencbes,  Tevptmcals  uf  timber  nod  plank  wilt 
eraduallj  replace  Jibe  llBhter^forma,  and  boerdB  and  gratings  will  In 

other  way  may  be  out  to  lengtb  aad 

—      ■"'le  lower  ends  sbould  b#  In  « 

ax  piece  m  traoC  of  tliem.    Tbere  miMt 

ip  at  or   near  tbe   top,   anchored  bacb 

-_.e  of  tbe  forma  of  temporar;  reeetmeDta  are: 

Bod. 
Bandbag. 


Expanded  metal. 


Cont 


Idk^A   KBl>lon  Ib  a  cyllndiieBl  basket  with 
■uafi  woven  on  pickets  ocatakaa  as  described  fr~ 


jurdlea.  Tbe  usual  ulii-  1«  2  feet  outside  diameter  and  2  fee_  . 
Inches  height  of  wattling.  On  account  of  the  abarp  curvature  some- 
what better  brosb  Is  renulred  for  gnlilona  tbno  will  do  for  hurdles. 

The  sablon  form  (Sg.  5S)  Ts  of  wood.  21  Inches  In  diamelec. 
with  eiiuldlstnut  notches  around  the  circumference,  equal  In  number 
to  tbe  Dumber  of  pickets  to  be  used,  usually  8  to  14,  less  If  the  brush 
Is  large  and  stUT,  more  If  It  la  small  and  pliable.  Tbe  notches  ahonld 
be  of  such  depth  that  the  pickets  will  project  to  I  Incb  outside  the 
circle.  The  pickets  should  be  H  to  IS  Inches  diameter,  3  feet  6 
tnchea  long,  and  sharpened,  half  at  the  small  and  half  at  the  large 


,  the  form  Is  placed  on  the  ground,  level  or 


ind  held  by  placli 


by  placing  a  lasblngar 
.cic  stick   fflg.  BSI.     The 


the  form  up,  _^The  form  ja  ^thon_  druppi'd  down,  the  gal 


r  slewed  frooi 


and   the   wattling    completed.      If  tbe   brush   is   small,   uniform,  and 

Suable,  palrinH  will  maki'  n  better  wattling  than  randlnc.  If  not  for 
nmedlnte  use,  the  gabion  must  be  Hewed  as  described  for  hurdlea,  the 
■ojne  quantity  of  wire  being  reinlrpd. 

The  gabion,,  when  wattled  and  sewed,  is  completed  by  cutting  o8 

.  • —  _.  •. ._i._.„  1  !..„>.  I .h„  , — 1,   ijjp  ijottom  3  inches,  the 

carry  log  picket  througli 

r  the  BxTa.     See  that  tK 

.....  should  make  a  gabloa 

Giiblons  may  be  made  without  the  forms,  but  the  work  ia  slower  and 
not  so  good.  The  circle  la  struck  on  tbe  ground  and  tbe  picknts  dttven 
at  the  proper  points.  The  weaving  la  done  from  the  ground  ap  and 
the  entire  tline  of  one  man  is  required  to  keep  the  pickets  in  proper 
position. 

ir  liFtiah    la    ncnroc,   gabions  .may    be   made   with    6    inches    {tf 
ittllng  at  each  end,  the  middle  left  open.      In  fllling,  the  open  part 


may  be  lined  with  straw,  grass,  brpsb  cattiiigs.  or  grain  e 


Illustrated  in  figure  61.  If  mt>.E  .u^^  >.■■<.  >.r..^  -'■=  ^nc^,  >,.c  «,_^ 
rating  fascines  should  be  anchored  back.  Gabion  revetments  sboqUt 
be  crowned  with  sods  or  baes.  °> 


L 


, ..Ith  sods  „. 

The  advantages  of  thi    „ . 

put  la  place  without  citru  labor  and  faster  and 


or  grain  Backs,  t(>    M 

•  in  revetments  tt  V 
ire  used,  the  aepu  ■ 
revetments  sboo^^  ■ 

cry  great.     It  cMM 

"■"i 

CoooW 
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Several   forms  of  gablonB  of  o „ _. 

uaeil.  Sbeet  Iron  UDd  iron  ana  paptr  Loops  are  aome  of  them.  The 
IruD  splinti'ra  badly,  la  heavy,  acd  has  not  given  sat  IG fact loa.  It  an; 
BPfClal  toalertals  are  suppliefl  the  melhoo  of  uaina  them  will,  la 
vTe«  of  the  foregalng  eiplaiutlon.  be  obvious. 

44.  Sod  rcirtniEiit A  coDvenlent  slie  to  cut  sods  Is  18  by  S  tiy 

4]  laches.  If  tougb,  they  may  be  cut  larger,  bnt  the  length  ebould  be' 
twice  tlie  bteartlh.  They  are  laid  grass  flown  In  couraea,  alteinately 
sll  headers  and  all  stFetrhera.  the  latter  double,  with  broken  Joints.  A 
bed  should  be  prepared  at  the  proper  Inrllnatlon  to  rec-elve  the  battota 
course  aod  give  it  the  right  plteb.  The  top  course  is  laid  grass  up 
and  all  headers.  If  the  nods  ahow  a  tendency  to  slip,  they  may  be 
pinned  together  wU:  


as     I 

-  ! 


Ld  quite  so  stee^  as  sand  ba^  In  the  i 


soil.     It  Is  nsual  tc  .  .  . 

.    should  be  built  steeper.  If  the  soil  Is  snch  that  It  will  stand.    Flguro  a* 
shows  an  elevation  and  seotloD  of  a  sod  ri-velment. 

Four  sods,  IS  by  9  by  4  Incbes,  laid,  make  a  square  foot  of  revet- 
ment, but  as  there  Is  some  wastage,  450  or  more  sods  must  be  cut  for 
each  100  square  feet  of  surface  to  be  revetted.  If  the  grans  Is  long, 
it  should  be  mowed  before  cutting  sods. 

Oue  nutn  should  cut  M  sods  per  hour,  or  place  the  same  nnmber.  A. 
sod  plow  wlU  cut  BB  fast  as  SO  men. 

IE  farryins  in  Aod«  by  hand,  multiply  the  number  of  sods  to 
be  moved  per  hour  by  the  average  leneth  of  carry  In  yarda  and  divide 
the  produi't  hy  7.500  for  the  nuuilM-r  ol  carriers.  Tbej'  should  work  in 
pairs,  carrying  8  soda  between  them.  If  wa^ooa  are  available.  eBll- 
mate  as  though  moving  earth  (see  Roads),  taking  T2  sods  to  tbe 
t'ublc  yard.    Uuloaders  will  be  required,  as  the  sods  can  not  be  dumped, 

done,  for  concealment  or   to  prevent  rainwash,  use  tbe  same  ratios 
for  cutting,  hauling,  and  laying,  allowing  8  sods  to  the  square  yard 


i5.  Sand-baK  revetmenta — A    sandbag  Is   SX  Inches  long   > 

14  Inches  wide.    In  use  "■ '-  ' '-  ■*''-■»  —"-^    — ^^  --  — -»   >- 

about  i  cubic  (<   ^    -    - 


In  use  It  Is  loosely  Hlled  with  earth  or  sand,  requiring 
it  of  earth,  and  having  been  placed  In  posliioD  Is  Qat- 
ovel  to  rouehly  rectangular  form.  In  which  It  fllla  a 

„, ly  13  by  5  Inclies.    Ibe  bags  weigh  about  62  pouuila 

per  100.  and  when  filled  about  65  pounds  each. 

A  aaiid-biiK  reretmeiit  is  constructed  by  laying  the  filled  bags 
as  stretchers  and  headers,  or  as  headers  alone.     The  top  row  should 
alwavB   be   headers.      The   tied    ends   of    headers  and    the    seaiufl   of 
o  spllntera,  and 


raasported   than    corresponding  quantities   of  any 
....     „       ..erlal,  they  are  of  great  importance  in  field  fortlll- 

..     Their  perishability  Is  a  disadvantage,  though  In  many  soils 

a  surface  revetted  wltb  bags  will  stand  after  tbe  bags  have  lost  their 
Btrengtb  through  decay.  Gandbags  are  so  valuable  for  crowning 
and  repairs,  huwever,  tbat  the  stock  on  hand  should  not  be  exhausted 
in  original  construction  if  anything  else  can  he  had. 

Figure  4S  Indicates  the  appearance  of  a  saad-bag  revetment  as  seen 
from  tbe  tiont  and  from  the  pad. 

HsndbBSB  are  laid  as  bcaders.  1.  e.,  the  length  of  the  bag  at  right 

angles  to  the  (ace  of  tbe  revetment  or  as  stretchers.  1.  e  ..  the  length 

'    of  the  hag  in  tbe  plane  of  Ibe  face  of  tbe  reveCmeDt.     Tbe  revelment 

..k^.-.j  ..1 —  ...  .„  angle  of  4/1.  and  thcreforr  *"■ -■ '-'-'■  ■"-- 


bottom  layer  or  course  is  laid  should  be  at  a  slope 
bags  must  be  bonded,  1.  e.,  the  bags  of  each  canrs< 
with  the  bags  of  the  courses  above  and  below.     A 


'ak  Joint 
.  bags  of  the  courses  above  and  boiow.     A  certain  number  of 
headers  musl  be  used  to  tie  the  revetment  into  the  bank.     It  la  usual 
to  lay  sandbags  wltb  one  header  to  every  two  stretchers. 


Thp  iTPli-ht  of  a 


Inert  nRec  work  he^DE.  _  Poles  <3 

They  are  uae<]  for  posts,  blEders,  grlllHge,  i 

if  iMboF  reqalred  to  cut  brush'  will  vary  with  Its 

■■—I  or  Hoft   crookpa  or  strnliht.  thlch  or  thin."* 

tah^  at  «lx  bnudlps  pfv  man  per  hour.     Tne 

of  bunilles%y  th« 
r  mpQ  requir,-rf.  It 
equal  1  yard,  and 


,  ,.   .jfrrlnir  by  hnnd.  multiply  thi 

r*ny  In  yardH  and  dlvlilc  hy  2,300  for  thp  numbe 
iraoiiportBtlon  la  by  teama,  assume  SB  bandits 
RKiiI'p  sa  for  earth. 

4T.  A    (■■Pine    la   n    cylindrical    bundle   of  bmah,    cloae!; 

Tbc  usual   length   Is  IS  feet  and   the  diameter  0   lorheK   wi 

preaaert.    Lengths  of  9  and  S  feet,  which  are  sometlmeB  uECrt.  are  most 

ennvenlentlv  nhtHinpil  hv  Mwine  a  alBndard  fascine  Into  two  or  three 

e  ol  partially  seasoned  material  will 


■adln,  plant  the  ei 
:  apart  and  lash  i 


Ftles  16  feet 
■r  over  the 
0  that  each 


(;.oo<^lci 
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To  build  >  faaplDe,  atralgbt  pitches  ol  brush,  1  or  2  iDCbes  at 
the  butt,  are  laid  on,  tbe  bulta  proJectlDH  at  tbe  eaa  1  foot  beyond  tbe 
trestle.      Leaves   should   be  atrfpppii  and   unrulj  branches   cut   off  or 

Cartlally  tut  through,  bo  that  tbey  will  lie  close.  The  larger  straigbter 
rush  abaultl  be  laid  on  the  ontalde,  bntta  alternating  In  direction,  and 
BiBBller  atott  In  the  ceoter.  Tbe  general  object  U  to  so  dispose  tbe 
bru)jb  as  to  make  the  faaciiie  of  onltorm  size,  strength,  and  BtltTDeas 
rrom  enil  to  end. 

When  the  cradle  is  nearly  filled  tbe  fascine  la  comprcsaed  or 
c^hoked  by  the  fiiBPlne  chokvr  <fig.  C2),  which  consists  of  two 
bars  4  feet  long,  Joined  at  IS  incbea  froia  the  ends  by  a  cbaln  4  teet 
long.  The  chain  la  marhei}  at  14  Inchea  each  way  from  the  middle  by 
Inserting  a  ring  or  special  link.  To  use,  two  men  standing  on  opposite 
sides  pass  the  chain  under  the  brunh,  place  the  short  ends  of  the 
hanilles  on  tup  and  pasa  the  bars,  short  end  Qrst,  acroea  to  each  other. 
They  then  bear  liowD  dd  the  long  ends  nntU  the  marks  on  tbe  chain 
come  together.     Chokers  may  be  Improvised  from  sticttB  and  rope  or 

rred  rope. 

.    _. , binders  3 

a  outside  the  end  treetles.    To  bind  s  tssclne  will  require  6B  feet 

Improvlaed  binders  may  be  made  from  rods  of  llya  hmsh;  hickory 
or  liu»el  Is  the  lest.  Place  the  butt  under  the  foot  and  Iwlst  the  rod 
to  partially  separate  tbe  fibers  and  make  It  flexible.  .*  rod  so  pre- 
pared  Is  called  a  wItliF.  To  use  a  withe,  make  a  halt  turn  and 
twist  qt  tbe  smaller  end  (fig.  B3),  pass  the  withe  around  the  brusb 
and  the  large  end  tbrougb  tbe  eye.  Draw  taught  and  double  the 
large    end    back,    taking   2    hnlf-hltchea    over   Its   own    standing  part 

When  the  fascine  Is  choked  and  boand,  saw  the  ends  ofF  square.  9 
inches  outside  the  end  binders.  After  a  cradle'  1»  made,  4  men  can 
make  1  faaclne  per  hoar,  with  wire  binding.     Withes  require  1  man 

A  fnncine  revelment  Is  made  hy  placing  the  fascines  as  shown 
In  figure  65.  The  use  of  headers  and  anchors  Is  absolutely  necessary 
111  loose  BOlla  only,  but  they  greatly  slrengtben  tbe  revetments  In  any 
case.     A  fascine  revetment  tnoitt  always   be   cro^^ued  with  sods 

48.  In  oJl  brush  weaving  the  fallowing  terms  have  been  adapted 

RandlnK. — Weaving  a  single  rod  In  and  out  between  pickets. 
Slewing. — ^Weavlng  two  or  more  rods  together  Id  the  same  way. 
PulriiiK. — Carrying  two  tods  together,  crossing  each  other  lo  and 

IVBttlInK — A  general  term  applied  to  tha  w  ven  part  of  brosb 

usually   made  6  feet  long  and   of 

„-.      .-_  ,-  shonlrt  proJ--  "*  —- -  --' —  "■- 

ihwood    and    he    sharpened    for    driving    t 


The  pi  kets  shonlrt  project  18  Inches 

,_ sharpened    for    driving    Into    the    ground       They 

e  about  1  Inches  In  dla  netar  and  should  be  spared  approil 


,.  _ _  .__   ...      _    .    illy  tl 

t   H   Inches  from    the   ends   of   the 
i  are  tnereroce  1  foot  8  Inches  apart      The  brush 

..  _    . li  tnchea  In  diameter  and  of  ash  willow    or  other 

pi  able  wood 

To  conatract  the  butdle  delve  the  plcSeta  Into  the  ground  firmly 
and  I'i  inches  from  the  bottom  of  t  e  pickets  run  two  strands  of  plain 
w  re  a  ng  tl  e  p  ckets,  taking  a  turn  round  each  picket.  Twist  these 
Hires  to*,  ther  until  thev  are  q  ite  tight  then  weave  the  brushwnod 
In  and  out  f  the  pickets  beginnbig  at  the  bottom  and  keeping  It 
pressed  fi  mly  down  on  the  wire  Bach  length  of  brusbwood  should 
pass  alternalelv  in  front  of  and  behind  the  pickets  and  if  a  piece  of 
brushwood  Is  beblnd  the  picket  the  piece  next  on  top  should  be  In 
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ttont  of  It.  and  bo  on.  If  the  hmsbwood  Is  not  lonp  enough  to  reaeh 
tbe  leneth  ot  the  hiir'llp.  t«lsc  imolh.T  iileuc  to  it  or  tin  a  piece  to  « 
Witb  wire.  It  la  aeldom  possible  to  head  a  piece  ot  brushwood  round 
tlie  end  plcliet  anil  take  It  back  HlcmK  the  tiurdle.  so  let  it  nrolect 
flbuut  e  rbcbps  and  cut  it  off.  Continue  until  baltwaj  ap.  tlken  pot 
in  a  couple  ot  Btratids  of  wire,  twiatea  ae  before.  Complete  the  butdla 
and  Snlab  Id  thi'  same  wa;  with  wire  nlong  the  top.  Then  Mw  the 
hurdle  In  three  or  four  placei  from  lop  to  bottom  with  plnin  wire. 

In  pladn;  the  bnrdle  the  bank  should  be  eat  away  to  a  slope  a 
little  flatter  than  4/1.  The  hurdle  should  be  laid  agninst  the  bank 
and  the  pickets  driven  Into  the  groUDd  18  inehea.  The  top  ol  each 
picket  should  be  anchored  back  by  6  to  8  stranda  ol  plain  wire  to  a 
Btout  anchor  picket,  driven  Itruily  Ht  a  good  slant.  The  anchor  picket 
shQiilrt  he  nhoiit  ;t  feet  Ioub  and  driven  In  2  test.  It  abould  never 
t  from  the  revetment,  even  In  good  ground,  aod 


hurdle  may  be  anchored  back  t' 

ticket  maj  require  lis  own  ond 
iBsed  up  tight.     The  anchor  v.iii'o  bi.<j.iiu  hc  i<iciviii.-ii  lu  luc  c 
picket  at  groond  level  and  to  the  hurdle  iuat  alHive  the  bruBhwi 
00.  Rabbll   TTlFe  hnrdleN. — The  following   Is  perhaps  tti> 
war  of  ualng  rabbit  wire  or  pouKrv  nettins. 

Three  picfceta,  each  6  feet  long  and  of  3  bj  2  inch  timber  ar 
on   the  ground  parallel  to  each  other  and  spaced  3  feet  apart. 

t>y  1  inch  plank  la  nailed  to  all  three  6  inches  from  one  end. 

other  plank  Is  nailed  to  all  three  IS  Inchea  from  the  other  end.  and  a. 
third  plank  dividing  the  gap  between  the  other  two.  UiagonalH  ata 
then  added  from  Che  top  of  each  outer  picket  to  the  bottom  of  tb» 
middle  picket.  £ach  diagonal  la  of  two  atcandB  of  plain  w!rp.  wlnA- 
lassed  up  tlRht.  The  rabhit  wire  is  Inld  on  top  of  all  stretched  tigbti 
and  fastened  to  planks  and  pickets  with  nails  and  Etaplca.  The  end* 
of  the  pickets,  projecting  18  Inches,  are  abarpened  tor  driving.     The 


r  3  (pet.  with  their  fi. 
-"  '--■—      These  pick 


nshwood   IB   bent  around   the   corners.      Tie   pickets   are   anchored 
iishwood  from 


.„ .  ....      _.      _     ._t  Is  nnlflhed  off  with  two  ^ 

three  stranda  of  plain  wire,  twisted  together  tlghtlj,  to  p  '    "" 

■  '*om  coming  off  the  top  of  the  pickets. 

,_. ..mded   mrlnl   Is  made  out   of  thfn   sheets  ot 

a  then  pulled  out  to  form  a  mesh.     The  aheeta  are  usually  6  by  » 


They    are   qnlte   light,   and    one   man    can    carry 

laterlul  makes  a  good  revetment.      It  la  beat  to  ( 

■nches  already  made  up  Into  panels. 

two  sheets  of  metal  edge  to  edge  and  overlappli^  .„ _^ 

.  that  the  sheets  together  make  up  tbe  requisite  bvlght  of  tiM 
uenl.  Tbe  overlap  should  not  l>e  Una  than  6  inches.  Sew  tM' 
iheeta  together  etrongly  with  plain  wire.  Take  three  llSr 
li  to  S  Inches  In  diameter  and  lay  them  on  the  metal  parallel 
!  long  edge  of  the  Bbeeta,  one  near  tbe  Cop,  one  near  The  bottoM* 

lOt^ 


to  the  long  edge  of  the  Bbeeta,  .      _ „ 

and   one  in    the   middle.      Sew  these   poles   to    the   metal    w.i 

wire,  startlag  and   finishing  B  Inches  from  the  edge  of  thi. 

Ihns  leaving  a  icnpth  ot  B  Inches  at  each  end  o(  each  pole  not 

tached  to  the  meCnl.     The  panel  can  then  be  roiled -■ 

Into  tbe  trench, 

L         To  construct  the  revetment,  cut  the  hank  back  to  a  slope  of  4/t, 
Ml<<ly   the   panels  against   the   hank — the   poles   horiiontnl,   the  pr— '- 
^*»Terlapplng^that  Is,   Ihe  i-tlae  of  the  metal  of  one  panel   la  all 
'        '■'— n  the  poles  and  metal  of  the  neit  panel.     The  poles 
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then  oyerlap  9  Inches  anil  the  metal  will  nverlap  9  Inches  behind 
them.  Take  good  B-foot  pickets  4  Inches  In  diameter  and  drive  them 
on  a  slope  of  4/1  tight  against  the  panels,  one  at  each  overlap  and 
one  betu'pen  the  uverlaps.     Anchor  back  in  the  usual  nay. 

In  setting  round  traverses  the  boritcontat  poles  mast  be  omitted 
and  the  panels  cnt  vertically  from  the  top  about  three-fourths  or 
tbe  wa;  down.  t)ne-half  Is  theD  allowed  to  slide  behind  the  otber^ 
thus  keeping  the  slope  of  4/1. 

Vi-i.   Contlaaani)  wire  meiih  TVYctniellt.— Use  sIlsbtlT  lighter 

flckets  2k  Inches  to  8  inches  In  diameter.  Cut  the  t — "■  "— -"-  *- 
n._    At  Inter ' 


Lrsr' 


.„ _.  each  groove.     Do  not  drive  i:_ ^ 

inches  and  let  the  picket  stand  a  few  inches  clear  of  the  bank. 

Then  at  the  bottom,  halfway  op  and  about  0  Inches  below  the- 
top  of  ea^h  picket,  run  two  or  three  strands  of  plain  wire  twisted 
nn  taut.  The  bottom  strands  should  be  put  On  tirst,  then  the  middle, 
then  the  top  so  as  to  avoid  loiwening  of  the  wires  olreodv  nut  on  br 
cvertwtsting  the  next  ones.     Then  run  diag 

wire  from  the  top  of  each  picket  to  the  n — 

l)oth  sides.      Where  the  diagonals  and  horizontal  wires  e 

middle  of  the  panels  }oln  them  together  with  a  short  piece  oi  pinm 

wire.     This  gives  a  framework  to  hold  the  rabbit  wire. 

Run  the  rabbit  wire  behind  the  framework — that  la,  twtwaen  the- 
fruniework  and  tho  bank.  Full  ft  as  tight  as  poBslble  and  attach 
it  to  tbe  framework  In  many  places  with  short  length  of  plain 
wire.  Pnt  on  the  anchor  wires  and  draw  the  poles  up  against  the 
bank.  Then  drive  the  poles  tight  home.  Tighten  up  the  anchor 
_i —  _.  __  ._  j-_.^  (,,p  puigg  jm.„  tijg  grooves.  The  rabbit  wire  1b- 
o „„_.  aralnst  the  bank. 

54.  Traversen. — The  protected  area  in  rear  of  a  parapet  as  de- 
termined for  a  shut  gre^lhg  and  perpendicular  to  the  crest,  Is  reduced 
for  a  grazine  shot  with  the  Hsme  angle  of  fall  coming  at  an  angle  to- 
the  crest  If  a  straight  ohot  will  el  ar  a  man's  head  at  a.  certain  dla 
tance  back  oblique  sSota  with  the  same  angle  of  fa  1  -will  clear  a  rasik 
at  90  p.r  i^Dt  of  that  distance  for  an  ungle  of  26  witli  the  perpen 
dicular    85  per  cent  f  r  32      and  S  )  per  cent  for  3  At  37    the  dla 

tan  e  is  de  reaslDg  at  the  rate  of  1  per  c  nt  for  each  legree  For 
enfilade  and  reverse  fire  the  parapet  ^  en  do  cover  st  all 

To  secure  suBlcIent  |  rotettlon  against  very  o  llque  enBlade  or  re- 
verse tlte  and  to  lo  allze  efte  t  of  exploded  shell  masks  must  be 
Introd  ced  to  Intercert  such  sh  Is  before  tl  pv  fall  below  tlie  plane  of 
desired   protection       Such    masks   are   called   iFBf-erseii       To    those 

parallel  to  the  t  atai.  t  which  thev  shelter  the  name  par&tloa  la 
given  The  word  tpttverae  usaally  indicates  a  mask  making  an 
angle  with  the  parapet  which  It  protects  anl  Joined  to  t  Traversef 
may  be  of  anv  available  horlrontal  or  ovprhead  cov  but  are  usu 
ally  topped  with  earth  Thev  are  revetted  to  make  them  take  ai) 
little  spa  e  al  ne  the  parapet  as  possllle    eicept  that  1  etwee- 

the  lower  part  can  not  be  reached  bv  fire   it 
-     -   -       -^  jnd  Is  often  a  good  place  I 


with  sloping  el 


shelter  spa  e 

„._. ,._. . 511— Theeffe-tive  distance  la  the 


If  the  crests  of  the  traverses  are  raised  sbove  the 

pampet.  the  distance  between  traverses  maj    ' 
cess  lieiEht  multiplied  by  tile  assumed  angle 
the  width  of  the  protected  area  (fig.  6^).    Fl 


ehoutezk  field  tslsvax. 


Hide  elevation  of  a  ralai't)  Iroversi;.  wtlli  rpCf^ri^ni^e  lo  its  coDnectloa 
with  the  parapet.  The  laii  llneB  show  !ElBtloQH  when  the  craat  of  Uw 
travrrsr  pucIb  at  th«  lutprlor  crest,  and  the  lirokcn  llueg  Indicate  the 
BrrHngrmrnt  when  the  crest  o(  the  traverse  extends  heyord  the  In- 
terior ereat.  Care  mast  be  taken  that  raised  travereeti  do  not  make 
the  position  conspicuous.  Traverses  must  be  ■■  least  ■■  Ions  as 
the  width  of  protection  they  ata  to  give,  and  should  he  aomewhat 

Proflle  at  Iraveraes. — The  cross  section  of  a  traverse  should  be 
tangle  an  possible.    The  vertical 


1 


luiD   thickness^  With   the 'miiiliaum   space,   and   the   fli 

Oe.  flS) 

Stable. 


-,   hair  the  tbleknew  1 

side  only  the  profile  In   figure  04  iB  4 

_   i  firing  parapet  by  providing  a  ban- 

4U(>tlr  or  Blepa  at  the  proper  height. 

EUt.  Trpea  of  tFiivrriiFB. — A  trench  may  be  trsTeraed  by  maklne 
an  oITset  to  the  rear,  hb  shovrn  in  BKure  90.  and  throwing  up  a  bank 
of  earth  on  the  block  left.  Figure  iJBb  shows  a  form  of  double  travera- 
.__       ™ug  juug  ijjgjj  ^ -_.j  — ^_..-. —   . __,   =_.__    _^i 


the  short  travprs^a  give  Increased   pcotectlon   to   the  more  exposed 
.■mre  near  the  Interior  crest.     For  high  traverses,  the  object  should 
a  support  up  to  the  height  wbfre  eiponure  to  Arc  bcslns 


■o  much  (be  better.  An  elevated  platlurm  ol  planks,  suppoi'tlnB 
parapet  of  eorth.  revetted  with  sods  or  sand  bags,  will  make  a  goi 
tmi-i'rae.     It  earth  Is  the  only  material  available,  the  entire 


id  bags,  will  make  a  guod 
lie  revetted  (fl^".  ea'nnd'aS).     Below  the  plane  of  fire  i 


nient  may  be  nwd ;  above,  only  those  which  have  been  deacritied  for 
frowning  a  parapet  revetment  should  be  eniployed. 

BB.  Traverses  mnxt  be  strong  and  solid  and  when  posslbla  ahoitid 
consist  at  the  undisturbed  earth.  They  should  b«  from  2  to  4 
yards  thick  and  should  overlap  the  width  ot  the  trench  by  at  li^ast  t 

Jard.  and  should  be  well  revetted.  The  clear  diataace  between 
ravcrues  Is  that  neeeBBary  lo  accommodate  a  amall  number  of  rlflea. 
say  thoBP  ot  ■  squad  of  Qve  to  eight  men :  the  distance  theretore  la 
from  a  la  S  yards.      (See  tig.  1.) 

Trnveraes  In  a  trench  tacllltale  bombing  attacks  along  its  length 
by  an  enemy  who  may  have  entered  it  as  grenades  can  be  thrown 
from  under  cover  of  a  traveriM  Into  the  second  compartmeDl  bc-youd. 
A  longer  compBiiment  to  prevent  Ibis  may  be  occaslODDlly  phirvd  In 
the  line  of  the  trench.  This  tons  bay  should  he  straight,  and  the 
traverses  on  either  end  should  be  loopholed  for  fire  into  it.  BomblOE 
trenches  or  plla  behind  the  front  line  are  also  uaetul  to  slop  Ibis 
form  of  attack. 

Where  traverses  have  to  be  ballt  in  a  cotupleted  trench  iosofflclently 
traversed,  they  must  I>e  ninde  In  embankment  using  the  earth  escB- 
vated  to  form  tlw  passage  round  the  tntTerse  and  supplementing  it 
wITb  sandbags  or  olber  revetting  material. 

42,  Por  approach  trenchoa  the  best  type  is  the  ■•  latOBd  ti»T- 
cra»"  with  the  trench  ooli^  round  it  on  both  atdee.  Sei-tloos  of 
tnnch   EUbject   I       -    ■       —    " '    — "*- 


that    it 


and  HTapet,  gives  good  rover  and  ample  Intertor  spare,  a 
_    _.    ^_    T .._. ^^^y    , ..      

ItHTiaboT  at  c«a*tnictk>i>.  vhlcb  b  greater  than  for  a 


of   roBstmetlou   Increases   less   tapSdly    wllb    i 

"    ■    ilSKr*    are    the   BacertalBly    of   P "" 

■--  '-bor  ot  c«a*tnictk>i>.  which  L  „ _ 

„,,-    .„    ronsMerable    helK*ts,   and    that    most    ... 
kfford  no  o^ver,  and  the  best  of  them  only  temporary 
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of  the  wall  and  la  s< 


and  the  tops  of  the  timbers  properlf  prepared  b;  arlvlni;  b 
Htringing  (mrbed  wire,  the  effect  in  tliat  direction  1b  sniBll. 

A  single  row  of  timber  affords  tua  little  protection  udIbbh  ttiey  are 
sqimreil  or  great  painH  token  to  keep  close  Jointa.  A  double  row 
(flg.  nil,  or  if  the  loga  are  good  size  and  worknble,  an  Birangemeut 
of  half  titDbecs  (fig.  (4)  Elvee  the  eame  cover  wltb  mucli  less  labor. 
LoaphoICK  may  he  tormea  as  indlcatud.  They  must  lie  high  enough  bo 
that  ttie  enemy  can  not  Ore  through  them  iVhen  he  comes  to  cloM 
quarters.     Hlx  feet  alMTe  the  ground  ia  coasldei-ed  blgb  eaungb. 

A  single  row  of  tlmbata  may  be  used  qb  the  front  of  two  tbin  walls, 
the  space  between  to  be  Dlled  with  eairth  or  brokeo  stone  Illg,  69), 
or  both  wbUk  amy  he  allfce,  and  of  brush,  plank,  Caacinea,  or  abeet 
iron  (Hg.  72).  Earth  filling  should  be  2  feet  thick;  stone  fllllDa  6  to 
18  Inchts. 

In  oil  Buch  constructions  the  two  walls  must  he  tied   together  at 

veiy  CDCvenleot  malerlnl  for  such  use.     If  T  rails  are  available,  an 
excellent  stockade  may  be  made  as  shown  In  the  figure  T&. 

&S.  A  bluckhunne  is  a  room  or  Hinall  bulldlDK  with  bullet-proof 
walls,  weather-  proof  and  Oreproof  roof,  loophoied  lor  infantry,  often 
for  Qiachlne  guns,  and  aometUnea  for  light  quIck-Srlng  guns.  The 
walls  may  take  any  of  the  forma  deBcrlhed  for  stockadea,  or  may  be 
of  msaonry.  The  roof  will  usually  he  of  tin  or  sheet  Iron.  If  ex- 
posed to  plunging  tire,  the  root  may  take  the  form  of  Ilgbt  overhead 
covet,  and  to  promote  the  comfort  o(  tlie  garrison  durina  long  oc- 
cupftncj  an  ordinary  roor'may  he  placed  over  the  earth.  orTj  may  be 
covered  with   caavaaa,  or  thatched,  or  made  to  turn  water  Id  any 

Eractlcable  manner.  Figures  TQ  to  79  and  S3  show  types  of  block- 
otisea.  In  Sgure  IB  the  house  provides  2  tiers  of  Ore. 
Eiteaalve  use  waa  made  of  blockbonaea  hy  the  llrltlah  in  South 
Africa.  Some,  at  Important  points,  were  of  masonry,  presenting  no 
unuBual  features.  By  far  the  greater  number  were  of  double  aklus  of 
corrugated  iron,   filled  t-- — '"-   '■— '-—   -■ —      — >•-   -—'  >— 'i- 


t  In  plan  with  the  skin^ 

supportB  2  feet  apart.     Then  an  octagonal  J 

h  both  skins  on  the  same  frame,  leaving  but  a  few  Inches  betwe 


A  ditficulty  experienced  with  thia  form  WHa  that  a  shot  atrik- 
IDK  opposite  a  timber  of  the  frame  would  penetrate  the  entire  atrae- 

Elone  to  be  placed  behind  each  timber  in  the  path  of  a  shot  passing, 
tbrough  It  waa  introdoeed,  hut  was  compUcatwl  and  difficult.  The 
" — '  --■"  — It  satisfactory  dBslgn  was  circular  In  plan.    A  eorrugated- 

..  ....       >_  .., . ..         ..        .....         ...  :_....g         JjjgJ,         „gj        g^J        g^ 

[op  was  built  around  It  on  tbc  outside      Ou  tbia  parapet  was  placed 
ihleld  conalatlDB  of  an  inner  drum  of  corrugated  iron  IS  Ki.t   in 
TTiDier  and  an  outer  one  16  feet  In  diameter    earh  2  feet  3  inch<"> 
iDd  kept  at  uniform  diati 


Igh    and  L..-. 

iThe  loopholes    12   In  nuuifr    of 

!   with  throatf  - 

■Id    the  hotter 


type    with'throata  B  Inches  high 
slilN-     -      ■    — -    ■    '—    '   - 


a  octatjocal   frami 

nfendid  to  complPle  a  sijnare  on  wbitb  a  pitch 
tans  IS    roof    supported    by    a   pole    like   -    — '~ 


I~!~noogTc 


nwuD 
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sfEi 

a*?  dosed  "by  "an  fron   do 
ere  was  al«u  u  removable 
ll,  whlcll  stood  against 

ge   enough   (o 

har'rlerof  tie 
he  opening  In 

T 

"l 

ODSt 

of   the 

pnrape 
of  "So  1 

in  re 
en. 

4i^feet^deepwa 
Nearly  400  of 

B  dug  a  to  B  yards  outside 
aa  conslracted  outside  the 

heee  were  erected,  most  of 

be 

s. 

nch.      Bach 
by  a  party 
m  in  a  Bin- 

59.  F^anliluic  defpnaeR. — Dead  angles  in  front  of  a  defonalve 
Rtrnctnre  may  be  KWept  longlfurtlQally  or  pijrallpl  to  the  firing  crest 
lu  prevent  their  being  naed  aa  a  rallying  plare  by  the  asBallants.  Sneh 
fire  Is  uaually  directed  alon^  the  fmnt  from  one  of  the  Saaks  and  Is 
called  anuklBK  flrr.  Tha  structures  built  Cot  this  purpose  ani 
called  flank  drfpnBCB. 

A  capunlere  or  tambour  Is  a  small,  low.  stockaded  Inelosure  or 
blockhouse  Bltuati-d  to  Ore  along  a  dtad  angle.  If  It  cuu  be  placed 
at  lUe  intersection  ot  two  dead  angles  It  may  sweep  botb.  At  the 
foot  of  a  wall  a  stocknde  opeu  at  the  lop  may  be  used.  If  its  door 
must  be  at  grouDd  leyel,  which  nlll  bi'  the  ease  on  rock  or  marsb, 
though  a  weatherproof  cover  will  generally  be  desirable  (fig.  SI).  It 
the  floor  can  he  sunk  below  the  ground  level,  a  bullet-proof  roof  ia 
Deeessaty  (tig.  8il).  In  a  ditch  the  gtmctore  should  be  sunk  bo  fJint 
the  roof  will  be  below  ground  level  and  tbe  top  should  be  of  overhead 

nearly   so,  it  must  be  obstructed  so  that   it  can  not  he  used  as'  an 

tough  and  under  the   parapet  or 
tnuiboiir  can  csoape   Into  the   in- 

I  bv  a  enimlerBcllrp  V'II«''r> 

!>u(«lde  of  the  coun- 


rang  tl 
jd?ro 

mrp  gallery  will  usually  have 


witli  the 

ei-  obi  _ 

and  to  reduce  tbe  momentum  of  attack  liy  breaking  up 

formation   and   holding  hlni     ■--    ■   — -   —   "—    -' 

They  should  be  Invisible 


it.     If  on  the  Ttne,  they  a ._ ..   

itoyed  to  close  iDtervais  anO  are  flankeil  o 

at  It  Is 

-    -,    .- .— -    .--J   throw 

r  band,  tbe  obstacles  should  be 
under  eiose  oDserration  End  under  close  Qre  of  the  defense.  If  the 
front  edge  o(  tbe  wire  H  40  yards  from  tbe  trench,  these  conditionB 
are  fulfilled. 

82,  CaKCrBlmEHt. — The  value  of  an  obstacle  will  he  Increased 
and  its  liability  to  injury  by  fire  decreased  if  the  obstaele  is  con- 
cealed. If  it  is  possible  to  place  the  obstacle  In  a  fold  in  tbe  ground. 
BO  much  tbe  better.  It  la  sometimes  possible  to  place  the  obstacle  la 
8  hniad.  sballow  ditch.  In  that  eaae  the  deepest  part  of  the  dlteh 
should  be  toward  the  enemy.     The  aartb  ahould  be  carried  back  and 


piaceii  111  the  para^... 

S3.  CoDHtroctton.^The  obstacle  should  he  made  in  a 
that  tbe  following  ci  '  ""'   ' 
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(1)   Tbe   working    nartf    vona  true  ling    it   sbonEd    t 
neser   bvmchea    together, 

II!)    Slleace   miiBt   be    preserved.      Tberelore,    everj 

tXi    Spe«il  IB  neuessary.     Tlic  work  must  tlierefor 
eaeh   man  liaylne  a  Bpeclflc   tuak. 

(4)   Tbe   workliig  party   must    nerer  havo  an   obs 


up  eaBltr  aod  guUkl;. 
'"I   The  obs* — '-  -'■— 


nDbld  be  one  that  can  t>e  Improved  and  thlc^keaed 


,-      Jbsta(^le  ahould  b«  of  a  lypc  that  wUI  KuCer  as  little  ai 

poealble  from  boatlle  eun  anil  Hmall-arm  lire  and  from  rifle  and 
macbine^gun  fire  ot  tbe  defeaiie. 

iVt.  Ahwe  all  Id  tmportniivo  aa  nn  ulmtnolF  la  nlre  «b- 
tanKlemEQl. — Under  the  candltiona  of  tbe  war  In  Cunipe  no  Irencb 
Is  founil  worthy  ot  the  name  that  baa  not  been  jirotected  by  this 
means.  About  50  Ceet  In  front  of  trencheB  an  entanelement.  QRuailT 
30  feet  wide,  is  placed,  thougli  often  trvncheH  ma;  b 
two   flnillsr   linPH   of.  entanelerncnt    Rfl  teet   nnnrt.      An 

Unefi  are  Bometlmee  used.     A..  ... ..  ._ „  ^ . 

but  often  amooth  and  of  every  passible  diameter ;  It  has  been  dpccb- 

ot  ranes  nbatla  may  also  be  osed  In  front  of  the  trenches.  In  the 
early  part  of  the  war  all  roads  leading  to  Paria  were  bazrlcaiied  at 
frequent  intervals  near  tbe  elty;  aonie  of  theev  barrieadea  at  tbe 
gates  of  the  eity  were  proteeted  by  a  ditch,  wire  entan^ement,  cbth 
VBUX  lie  frlae.  and  abatla,  In  the  order  stated.  In  front  of  many  lines 
of  open  trenches  barbed  wire  to  tbe  extent  of  60  miles  to  the  mile  et 
front  hae  beeu  used,  while  around  tortlfled  pUces  the  uee  of  400  mllca 
uf  wire  to  the  mile  may  be  cited. 

65.  WIrv  ehcvnim  lie  friae.^.4  form  of  portable  wire  entangle-, 

their  centers  to  a  long  pole,  such  as  a  bean  pole,  and  connected  with 
each  other  by  barbed  wire.     This  produces  an  obstacle  similar  to  a 

over  (flga.  84  and  SG).  There  la  alRO  another' smaller  individual 
(hevaui  de  frlse  prepared  In  trenches  and  used  for  throwing  forward 
lnti>  onc'a  own  entanglement  to  make  It  more  complex  or  to  be  carJ 


This  frame  Is  flrmly  draped  with  barbed  wire,  forming  a  polyhedraf' 
mass  with  a  short  free  end  ot  the  long  EHch  for  a  handfe. 

fie.  Coii»trnc(i«ii  of  wire  cntnnBrleioeiit".— In  eonstructlng 
entanglement,  wooden  or  Iron  posts  may  be  useil.  A  very  good  type  of 
Inm  post  Is  about  three-qaarters  Inch  in  diameter,  provided  with 
eyelets  for  attaching  the  wire,  and  baa  the  lower  end  auger  twlntcd 
for   about    IS   inchca.   ao  that   It   con    be    screwed    securely   into    the 

SDunil.     The  conatrnction  of  entanglement  In  the  fai'e  of  the  enetuy 
B  always  been  attended  with  great  losses,  bo  fbat  the  posalblllly  ot 
□sing  the  auger  post  noiHPle»sly  nt  night  la  a  great  advantage. 

The  Impracticability  of  eonatcncting  regointlon  entanglement  under 
Bre  has  led  to  what  might  tie  termed  sectional  install atloo.  One 
such  method  Is  to  prepare,  under  cover,  panela  some  IB  or  20  feet 
lon»i,  of  wire  flrmly  fastened  to  the  pointed  stakea  and  then  rolled  np. 
Soldiera  provided  with  mania  rush  ont  in  front  ot  the  trenches,  carry-' 
1 —  .,. .-   —Li.i.  .1. II  ._  .■.,,  ^ay_  j,u^_  arriving  on  the 


thus   hullt,    bu ,   _.    _    ,    ,. 

and  squares.     For  rapid  and  noiseless  placing  of  entanglei , ^ 

of  the  manuals  of  this  war  provides  as  follows :  Trlangalar  pyramids 


H4 
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or  piGcea  ot  timber.     TbesfrJ 

..   J  i-uDiiL>ftlDE  tl>*m.    In  any  •T 

._8  the  wlrea  will  he  up.    "--■■ '* "— ■ ' 

„ J    _ _.     The  bays  are  taken  «„.  ,. . 

jrouufl  Bu  aa  to  break  Joints,  bdiI  are  later  picketed  down  IT  oceaBloB  -l 
ollvra  (Qg.  86).  Auother  HubiiUtute  far  poata  conatata  ot  three  Btlcka  J 
ctcwBHl  at  ri^t  snicld,  hound  together  at  their  middle  points,  •nd.] 
the  coda  wired  In  trlangleEi.  '  1 
6T.  Wire  (or  entniiRlenieats. — Tbe  commercial  package  of  I 
barlwd  wire  In  a  coll  In  not  convenient  for  carrjins  or  working  alou  J 
tbe  trenctaaii.  It  la  therefore  wound  by  aolcller  labor  on  stleka  a,  rard  1 
In  lensth  and  a  couple  of  Inches  thlrk.  Tbe  winillnR  la  done  in  a  aort  1 
of  a  UBure  8  and  rpBiilta  In  '-  -"-"-■  •■-■■  -•-  — ^  -  •— '  — ---^ 


il  ball  about  n  foot  thick,  t 

.IT — M *_..    r ..1^    Igf    p^. 


ing  and  manlpuletloa.     In  many  plareit  apecial1|  made  wir# 

8Ioy(!d.  whl=U  Is  miirh  heavier  than  tbe  rommecelnl  "^ — '—'  ~* 
le  barbs  are  themael-vea  raach  beavlei 


ordinary 

Uuch  of  'tlTlH 


irltcd  wire,  ( 

mun;  L'^unely  plfic"""       " 

eaally  obtsl[ied,  < 


bandla  t 
rdal  wire  ' 

BiBt  ot  32  w 


---  iDBtallnl' 


■H  If  pOKsilile.ViclnBlve  of  none 
omccrr.     rorni  me  party  In  two  ranks  and  number  them  Ir 

ftmni  and  rear  rank.     Tlip  left  file  1b  not  nnmbered.     For 

iiplBDRtlaa  letters  are  given  to  these  partli-s  of  three  as  followBli- 


Assume  that  two  baya  ot  low  wire  are  to  be  hullt. 

Dt;acrlpllaD  «(  obatnelH. — The  oliHlacle  consls 
inch  pickets  rlrlven  about  1  foot  Into  tbe  giound. 
each  row  of  pickets  la  a  abort  anchor  ulckat  Bloplug 
the  line  ot  tlie  entanglement  and  about  'I  feet  from 


tB     of     S     foot  4 

At  tbe  eodiM 


strand  of  barbed 
made  faat  with  ~ 
and  enOi  of  the 

plclict,  tbe  second 


Besting 


H  is  a  diaf^nal  win 
'"/iick" 


It  and  at  kU(>e  h 


thp    diaHonals    and    half    way    between    the    i 

.- J  two  wires,  one  on  eaeb  side  of  the  ranter  ro 

that  they  loop  about  on  the  ground.     These  looae  n 


tickets  B 
mse  ao  that  they  loop  about  (  „  .      .       .  ._ 

fastened  to  the  dlagouala  by  twiatlng  tbe  loose  and  diagonal  i 
together  In  etery  other  place  that  they  cross. 

butlpa  of  partiea.— I'arties  A  and  B  go  out  almoBt  slmalt 
Dusly.  Party  A  drives  the  first  row  of  pickets  and  so  needs  a  a 
Tho  niHiii  nifin  shuiild  be  tall.     OuK  vaao  mauls,  one  supplies  tlte  i 

, the  3  yards  and  holds  the  pickets  for  driving.     KeepU 

oiose  up  BO  H«  nol  to  lose  the  pickets,  comes  party  B  wtUi  a  coll  (l_  _ 

bartwd  wira,  s  jiair  of  wirecuttera.  and  two  pales  of  hedging  gloveKsfl 

,  ,Au   wire  parties  carry   similar  equipment.  '--tM 

-ifiUmng  at  the  anchor  picket,  party  B  ruDH  out  tbe  Qrst  ■tnUaUO'l 

■*—     lan  holding  and  uncoiling  the  wire,  tbe  other  two  ialSimM 

._._J,  each  taking  tbe  turns  on  altprnate  pickets.  »  ■ 

t  »  yards  behind  Is  party  C,  a  picket  party  which  drives  tL. 
^"ff  of  pickets,  one  man  again  mauliag,  one  boldtng  and  pacing. 


VIZLD  FOATIFICATION 


ng   pi  keta       Tl  la    pnrty    mi'SBurei'    the   poeitlon    of   each 


li  VBras  along  the  line    turning  at  r  ght  angles  bdc 
and    tbea   planting    tbe    picket.      Tbls    elimlaates    t 


I:  tbe  SFBt  loose  wire    Btartlns  aboat  12   yards 

-    .. i^nBlrt^  th.   ,._. 

_.._...  .       e  ot  the  second  row      Partj  H  BtarU  6  yardB 

heblnd  <  and  puts  on  Ibe  seconil  dlRgonal  Part;  I  starts  13  vards 
beblnd  H  and  Euns  tl  e  se  nfl  loosp  nire  Party  K  starts  IS  yarda 
b  hind  I  and  eompietes  the  bay  with  the  third  sttaleht  wire 

The   dlrectloa   U   kept   by    the  men    ut   the    left    tile    who    provide 

"- -'-  -I  with  n  piece     f  string  or  tape    equal  In  iPEKtb  to  tTie  dis 

9  the  parapet  to  the  front  edge  of  the  wire  ThBj  go  out 
irty  A  One  man  plu  ea  hltb?  It  at  tbe  foot  ot  the  purapet 
"  end  of  the  'trlng  In  his  hand      Tha  other  : "-     ~'-' — 


themnelv  s 


out  until  It  Is  taut.     The  man  on  tbe  parapet  keens  tbe  b 

pen  eudlpilac  to  the  general  line  ot  the  parapet      The  othL .,- 

It   taut   and  m  »eB   slonf    with   party   A       ViorY    can    be    done   with 


rr  endl?  iJar  to  the  general  line  of  the  parapet  The  otber  men  keeps 
-.  taut  and  m  »eB  bIodk  with  party  A  ViorY  can  be  done  — '■^'■ 
parties  of  twwmejl,  bnt  if  nne  la  hit  the  work  la  disorganised. 


If  tl  ere  are  fewer  partlea   ._. __    _     .    . 

or   more  parts  of  the  «ork      Ihn    if  there  are   only  all  parties    \ 
wlU  also  do  Qa  work    B  will  do  B  s    O  will  do  I  b    D  wifl  do  Ks 

™^.   _._>_.. ^  .  .J  j^^  enough  In   tbe  flrst  iDBtnnce      If 

' '—  '-  on,  the  wire  will  be  too  low 

^,  aalled  on 

■  uf  low  wtre  enli>nKl«nc«t — Faslly  thickened 

JQlck    easy   to   conceal    nrt   easily  destroyed   by   1  oitUe   Ore  or   hy 
rlenfllv   fire  wl  Icb   will   pass  over  It       The  men   are  always   bebtna 


a  always  behind 
This  entanglement  requires  1  picket  — ^ 


»j>r  barbed  wlrej'or  each  yard  of  front^ 


_     .. ...  „  ^ontlnnouB  spiral  of  plain 

wire  1  feet  6  Inches  In  diameter  each  turn  of  wire  belni,  lUppod  to 
tbe  tarns  on  Iiotb  sldea  In  five  pla  f  When  rloseil  up  It  laake  very 
much  like  a  roll  of  plain  wire  b  t  when  pulled  out  It  makea  a  cvlln 
dPr  of  wire  mcsb  Each  sn  all  ™il  p  lis  out  to  a  leneth  f  -0  yards 
(Bg    S7)       A  lie  (TVlI  consists  of  fire  sm-\l    colls 

Tbe  extended    oil  can  he  easily  crushed  down  by  throwing  n  wBlwht 

OD  the  top  and   must  therefore  '- '-'   —   _.-^---    _... 

wire      It  la  easily  carried  a    ~ 

Is  26  Two  men  k«p  the  direi'MoTwlth  a'strlng "^as'  fo Plow' wire  a'nd 
the  remaining  ^4  are  iflviaed  Into  parties  nl  three  as  for  low  wire 

Two  c  more  rows  f  French  wire  make  an  obstacle  Each  sm  ill 
coll  N  stapled  down  In  Bye  plaeea  that  Is  at  each  md  one  fourth 
one-half  and  three  fonrtba  of  the  way  a  opg  Where  two  coHs  meet 
the  same  atftple  fsntena  down  both  cofis 

Pickets  1  fret  long  are  drlren  info  the  center  of  the  colls  In  flya 
plates  as  for  the  staples.  These  picket?  should  tie  drlyen  In  at  lesst 
a  foot,  A  BtMnd  of  barbed  wire  Is  run  along  the  top  Of  each  row  of 
French  wire,  being  fastened  to  the  pickets  with  a  round  turn  8  inches 
above  tbe  French  wire.  These  strands  of  t>arbed  wire  are  pulled  as 
tant  as  possible  and  are  iwlsted  on  the  French  wire  with  a  staple, 
pen.  or  pair  of  wire  cutters  close  to  each  picket  and  Id  several  places 
between  the  pickets.     Tbla  barbed  wire  mipports  tbe   French  '  " 


-w  M^^am^mmmmt 
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of  the  plpkets  of  one  row  to  tlie  tops  of  the  pickets  of  tbe  otber 

In  addltlun.  a  i^treud  of  barbiKl  wire  IH  nm  along  tbe  front  of  the 
front  raw  of  French  wire  Bnil  twisted  to  It.  Thlg  )b  partly  to  hold 
up  p»]ple  Irrlne  to  crawl  through  and  partly  to  hold  the  French  wtre 
tofiicther,  shonld  It  come  looie  from  Its  fastenlniiB.  This  wire  Is 
uBUBlly  called  the  "  apron  wire."  After  this,  more  apron  wire  can 
be  ailaed  or  loose  wires  may  be  Inserted  between  the  two  rows. 

Dntleii  of  -nlrlDK  pnrlr. — rarty  A,  first  FteDCb  wiring  party : 

A  1  holds  end  of  wire  bdiI  staples  it  down. 

A  2  pullB  wire  out  (or  20  yardH. 

A  8  ehakes  wire  clear  of  obstructions  and  puts  in  slapleH  on&balf 
aDd  three- fonrtba  way  alon^. 

A  1  gets  another  coll  and  batta  It  Bgalnst  A  2'b  end  of  the  flrst 
coil  and  staples  both  ends  tottether. 

A  2  and  A  3  prooeed  as  before  and  so  on  until  the  hrst  row  fs 
complete.     A  1.  2.  and  3  farry  15  to  20  atsples  Bliinn  on  a  cord  over 


arty  A  Is  clear,  party  B 
:  pick.-  ---  -^- 


.  .t  and  the  long  pickets  through  the 

KiriiLci  of  the  coll  every  S  yards  Hlon^  the  line. 

B  2  measures  distance  and  holdEi  pickets  tor  driving. 

B  .1  supplies  pickets 

B  1  should  be  a  tal: 

they  are  crossed  and , .,  _ . 

theta  tocretber.     As  soon  as  party  B  la  clear  party  C  comes 

C  1  uhcoilH  barbed  wire, 

C  Z  makes  fast  end  to  anchor  picket  and  then  take»  a  round  turn 
with  the  barbed  wire  aroiind  every  picket  about  Q  Inches  above  the 
French  wire. 

C  s  twists  the  barbed  wire  to  the  French  wire  close  to  each  picket 
and  in  thrpe  or  tour  places  tietween.  Ho  carries  pegs  or  staples  for 
this  purpose. 

As  soon  as  C  la  clear  party  D  cornea  oat 

I<  I  has  a  coll  of  barbed  wire  and  runs  It  out  up  against  the  tronl 
of  the  French  wtre  abont  halfway  up. 

11  2  and  S  twist  It  to  the  French  wire  every  2  or  3  yardH,  thus 
formine  the  apron. 

NVxt  come  parties  B.  F,  and  Q.  who  run  ont  a  second  row  of 
French  wire  behind  tbe  Qrst  row  nt  sucb  a  digtahce  that  a  toao  can 
]uat  pass  between  the  two  rows.  Their  duties  are  Identical  with  those 
of  parties  A,  B.  and  C, 

Nfirt  comes  party  H. 

H  1  baa  a  coll  of  barbed  wire  and  moves  between  the  two  rowB, 
uncoil  ins  tbe  barbed  wire. 

II  2  and  3  n-—-  —  - 

■     •      ■       fa:..  .. r .  _  - 

>  II  2  and  3  to  reach  i 


e  three-fourths  inch  diameter  with  o 

to  which  to  fasten  the  wire.     la  or         ,   _ 

n  hoin  without  nolst.     Wlien  the  enemy 


«  In  the  nature 

-.. ........  „.  __ These  are  made 

e  depots,  brought  forward  through  the  trenches,  and  almply       ■ 
luBwu  uot  tn  front,  by  day  or  by  nlEht.  ] 

Tl.  The    hf«h    wire   entauKlenient    (Hg.    S8)    Is   similar   In    a        ] 

Sneral  way  to  the  low  entangle ment.  but  Ib  4  to  (5   feet  In  height.        ■ 
usually  consists  of  three  to  five  rows  of  stakes  connected  by  barbeil 
wire.      In  addition  to  the  borlsontal  wires  connecting  the  tops  of  the 
stakes,  It  has  diagonal  wires  ruuDlng  from  tbe  top  of  each  stake  to  the 
bottoms  of  all  adJaL'ent  stake>i.     The  Bide  toward   the  enemy  bHqoI!^ 
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be  t^ompletHl  ae  an  ur<litiary  wire  fi'Ucn.  Sllelit  Irifgularltlcs  ia: 
heiEht  o(  stakeH  and  arraocemeDt  o(  wtrea  add  to  the  value  of  tb* 
obBEscle. 

72.  OpenlngB  tor  tbv  passage  of  troope  tbroueb  wire  putnnHlcmeiits 
are  eener»llv  aboQt  10  yardx  wldp  nnd  ate  plaoei!  so  that  two  belts 
oC  Wire  overlap  tbe  openingB.  The  coatiiiuitir  of  Cbe  obstatle  may  be 
presprved  b;  uidag  gates  or  barriers  tlial  can  be  quickly  opened  and 

Tbe  beat  place  tor  the  openings  Is  at  the  flanlig  ol  the  aapparting 
polntB  between  the  velre  entangleniemB  around  tbe  supporting  pulntB 
and  those  In  the  Intervals.  If  these  openinga  muRt  be  placed  In  the 
Intervals  on  account  of  the  Cecreli].  tbey  innst  be  covered  by  the 
close  flie  ot  aectlouB  oI  ttenth  placed  Immedlatels  In  rear. 

The    mala' ~'    -     -'—    -'— — ' ' — —     

It  should  be 

in  each   com,      . 

Improvemeat  ot  the  obstacli 

73.  BlefTtrt«ed    vrln 


earvlcp  instead  of  tlie   

T4,  AlwHfl  conslBtH  oT  trees  lying  parallel  to  each  other  with  the 
braDches  pointing  In  the  geaersJ  direction  ot  approBcb  and  loterlaceil. 
All  leaves  and  small  twigs  should  be  removed  and  tbe  stiff  ends  Ot 
branches  pointed. 

AbBtfci  on  open  grennd  la  moat  conveniently  nmdB  ot  brancheB 
about  IG  feet  long.  The  hrnnebcs  are  staked  or  tied  down  and  the 
butts  anchored  by  coyerlng  them  with  earth.  Barbed  wire  may  be 
interlaced  among  the  bisnchea.  Rucceealve  rows  are  pi  seed,  the 
liranches  of  one  extending  over  the  trunks  oC  tbe  one  In  front,  so  as 
to  make  the  abstlB  5  teet  hlch  and  an  wide  na  desired,  it  Is  hetter 
to  place  the  ahatla  In  a  natural  depresalon  or  a  ditch  tor  concealment 
and  protection  from  Sre.     If  exposed  to  artlDary.  an  abHtls  must  lie 

._   -.   — .  abatis   formed   hy 

iclllna  trees  toward  tbe  enemy,  leaving  the  biitt  hangiog  to  the  stimp. 
the  branches  prepared  as  before,  ia  called  a  alaahlBs  (fig.  "' '  ''' 
gives  too  much  cover,  and  abonld  be  well  flanked. 

TO.  A  naUasAr  Is  a  man-tight  fence  of  posts.  Bound  poles  4 
B  Inches  In  diameter  at  the  large  end  are  best.  If  the  atleka  I 
B  to  8  tncben,  they  may  be  split.      It  defended  from  the  rear,  paUsa 

give  Bome  shelter  from  Are  and  the  opent ■-    -"  ' '-  --  '- 

as  possible  without  letting  men  through, 

they    may   be   clow.r.   say   3   to  4   Inches   _,. .„r 

polntLid.     A   strand    or   two   ot   barbed   wire    run   aloag  the   top   t 
stapled  to  eaoh  post  Is  a  valuable  -"'"  — 

Pallaading  is  beat  made   op  Id   i 
nected   by   a   watlng   piece,   prefr-n  .... 
stntr.      If  the  tope  are   tree,  two  walea   should  be  used,   both 
ground.     If  tbe  tops  are  connected  by  wires    one  will  do, 

should   be  planted   to  Incline  Bligbtly   to  tbe  front 

>iuiE  twriu  should  be  disturbed  In  digglne  as  posalble,  and  one  a^ 

of  the  trench    should  be  k^t  In   the  deatred  plane  of   the  paHeafl 

Hi  stoneB  can    be    had  to  fit   between   the   poHts   a--"   "--   " —    -'  "^■ 

~" —  "' I    they    will    Increase   the   BtiffneBS   of   the   acructure   ana   sava 

D  tunmlng,  or  a  small  log  may  be  laid  In  the  trench  nloug  the 

c  ot  the  posts.      ii'Igurea  02  and  93  show  tbe  construction  and 

i;  ot  palisades. 

"    ' — ■ —    '-    1    paliaade   horlsontal,    or   nearly  ao.  proJectlDg 
..jnteracarp.     A  modern  and  better  form  cflnaiBtS 

..4  foot  Interval,  connected  by  barbed  wire,  '        

ratal  wlle  feoce  (flg.  M>. 


orm^ 
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TT.  ITIieveBiix  de  frlae  are  olistaules  or  Ibe  form  sbovm  in  Qgure 
Sa.  They  uri;  usuBlly  mflde  in  seitiana  of  mauaHi^abU  lengtli  chained 
together  at  tiui  ends.  They  uri'  most  useful  In  clOBiU);  roadH  or  utber 
narrow  paasttgea,  aa  they  can  be  quickly  opened  lor  trtendly  troopa. 
The  lanceit  amF  be  of  Iron  instead  oC  wood  and  rectangular  Inetead  ot 
round ;  the  aifal  beam  maj  be  solid  or  compoelte.  FlgiireH  1>8  and  97 
show  methods  of  eonstrui^tiDe  cheveaui  de  (rlae  with  dimension  ■luIF. 

78,  A  farmlABble  ofcutacle  nBaliiBf  envnlry  eonalsta  ot  rail- 
road ties  planted  at  interralB  o(  10  feet  wlUi  tbe  tops  -li  teet  abore 
the  ground,  aud  mam^eted  by  a  line  ot  rails  spiked  securety  to  eadi 
(fig.  9H>.  The  rail  enils  shonld  lie  cooDetted  by  flsliplatea  aod  bolted, 
with  the  ends  of  the  bolts  riveted  down  no  the  ends, 

Ptgnrea  99  and  100  show  forms  of  heavy  obatael™  employed  in 
Manchuria  by  the  Russians  and  Japnui'He,  rtepectlvely.  The  former 
Is  eompoBed  of  timber  trestles,  mnde  In  rear  and  carried  out  at  Dlght. 
The  latter  appears  to  have  been  planted  In  place. 

TQ.  MIIltBrr  pita  or  Iruna  dc  JoDp  are  exi^rntlons  In  tbe  shape 
of  an  Inverted  cone  or  pyramid,  with  a  pointed  atnlte  In  tbe  bottom. 
They  should  not  be  so  deep  as  to  afford  cover  to  the  skirmisher.  Two 
and  one-half  feet  or  leas  l»  a  siiliable  depth.  Figure  101  shows  a 
plan  and  sertlon  of  SUch  pita. 

They  are  usually  dug  In  Ibri^e  or 

to  the  front  to  form  a  glacis.    The  n  „         

next  In  front,  and  so  on,  so  Ihnt  no  earth  Is  cast  over  the  Snisbiru 
pita. 

An  excellent  arraugement  Is  to  dig  the  pita  In  a  checkerboard  plan, 
leavluc  alternate  squares  and  plailog  a  stake  In  each  ot  tbem  to  torm 
a   wire  entanglement   (flg.  102).     One  man  cao  make  five  pita  on  a 

80.  HlaceUtineoaa    barrlcadea.— Anything   rigid    In    form    and 
nmvnhlp  TilHv  t»p  used  tn  plv^  <-nvpr  from  view  nnd  fire  And   to  olipfpiict 
ii-K,  bales 


principles  above  stated 
as  the  eb '—  ~'  "■- 


r  of  the 
king  till 


of  towns  and  cities. 

SI,  iBnndatlona.— Backing  up  the  wnter  of  a  stream  so  that  it 
oTerfloWB  n  considerable  arm  forms  a  good  obstacte  even  though  of 
fordable  depth.  If  shallow,  the  difflcolty  of  fording  may  be  increased 
by  irrcguJiir  holes  or  ditehoa  dug  hefore  the  water  comes  up  or  by 
driving  Btakes  or  making  entaoglemenls.  Fords  have  trequenfly  been 
obstructed  by  ordinary  barrows  laid  on  the  bottom  with  the  teeth  up. 

Thi'  unusual  natural  cnniiltlonn  neeesnary  to  a  sucpeiiefnt  Inunda- 
tion qdA  the  extent  and  character  of  the  work  required  to  construct 
the  iJuras  make  this  defense  of  I'vcepHonnl  uw.  It  may  be  attempted 
with  advantage  when  tile  drainage  ot  a  considerable  flat  area  passf" 
through   a   restricted  opening,   aa   a   natural   gorge,   a   culvert,  or 


Onm  cribs  fllle'l  with  stones,  or  tighter 
eactn   (fi(-  "-■■' — ' ' -' ■-  ' — '- 


earth    (see  Bride™),  may   form 

flow  of  water.  The  usual  method  nt  tlghtenlug  cracas  or  spaces  Be- 
tween cribs  is  by  throwing  In  earth' or  alternate  layers  of  straw,  bay. 

conaiilerable'leakBge,  the  operation  will  not  be  practleahle  with  Beld 
reaourcea.  A  contlnnoua  construetion.  shown  In  section  In  figure  IDS, 
IB  freoueotly  employed.  The  ends  ot  the  dam  must  be  carried  r-'' 
Into  the  earth  to  prevent  the  water  from  cutting  around  them. 

When  the  local  oondltlons  ycrm" ......      ...    - 

parapet  it  should  alwaya  be  done 

82T  Apcldpntnl    cover   inclui. —    — .    

can   Ik  used   to   advantage  aa   cover  from    view  and   Are.       .    ._ 
wnlla  and  other  inclosures,  bnlldlnsa,  FulllaKH,  emhoiiliinevta. 


I 


FIELD  F0ETZFICATI01T. 


■r  by  providing  for  Are  from  It. 

r  iguii;  >in  suu»ii  mcjj.etiiinniuii  o(  a  Wall  IsKK  than  4  feet  Mgb  for 
a  single  tier  of  fire.  Elgure  105,  tbe  same  for  a  wall  ti  twt  high. 
Figure  106,  tlie  same  for  a  well  7  feet  high.  Figure  107^  a  wall  0  feet 
high  for  two  tlera  of  Sre,  one  atandlDg  and  one  lying.  Elgure  106,  the 
same  for  one  tier  Btandlug  and  one  hneellng. 

Figure  109  ehowB  the  trentmeat  of  b  hedge  which  acreens  the  para- 
pet from  view,  holds  the  exterior  slope  at  a  steep  plteb,  and  forms  an 

1  preparlDg  a  low  embankment 


side,  and  the  third  b;  a  firing  crest  on  the  track.  Betreat  from  the 
flrst  and  advance  from  the  seeonfl  are  olwtrueted  by  tlie  eut  IfselC. 
"   ■'  ...      -         ...  DTering  the  retreat  of  the 

H3.  Balidioss  If  exposed  to  artillery  are  untenable,  but  ag^ilnat 
fllle  fire  are  made  defensible  by  barricading  all  windows  and  doora, 
except  one  for  ingress  and  egress  on  the  most  sheltered  side,  and  pro- 
Tldlag  loopholes. 

BarrlcadEii   for  doors   and   wlndowa   may   be   of   solid   materials. 

hollow  articles  of  any .^ 

earth  or  other  bnllel-proot  filling.  Articles  of  furniture,  trunks,  bas- 
kets, and  barrels  may  be  mentioned.  {See  also  HeTetments.)  Baga 
an.-  useful  here  as  everywhere. 

A  house  of  stone  or  brick  wlU  give  some  protection  from  Sre.  A. 
wooden  bouse  gives  protection  from  view  only,  unless  time  suffices  to 
Etockade  the  walls.  Care  must  be  taken  not  to  ciclade  too  roach  light. 
OpenlDga  in  partitions  should  be  enlarged  and  additional  ones  made  to 
give  toe  freest  poaaible  conununlcatlon.  Halchca  ahould  be  cut 
through  the  floors  and  roof  to  give  free  eacape  of  smoke  and  gases. 

Loophollng  Is  done  as  already  explained.  The  loopholes  should  not. 
as  a  rule,  be  less  than  4  feel  apart  In  the  same  tier.  They  should  be 
arranged  lo  concentrate  fire  in  front  of  doors  or  accessible  windows. 
Doors  should  be  further  strengthened  hy  barricades  across  the  spaces 
into  which  they  open. 

laed  for  flanblnf.  .....    _  _    .    ._ 

r  the  ground  so  that  a  tier  for  other  lire  can  be  placed  aL_, 

.\B  soon  as  Ibe  barricades  and  necessary  banquetles  are  finished  alt 
other  combustihre  material  should  be  removed  and  a  supply  of  earth 
and  water  for  fire  Qghtlng  should  be  placed  at  convenient  points. 
Stores  and  aminnnltloii  are  olso  brought  in  and  disposed  of  In 
suitable  places.  A  apace  as  secure  as  possible  from  fire  should  be 
set  apart  and  prepared  as  a  tiunpitiUi  and  latrloca  must  also  be 

The  defiMiBlTe  prepamtlon  will  depend  much  on  whether  the 
house  Is  to  stand  an  actual  assault,  or  only  tn  alTord  an  arlvaatageoua 
cover  for  fire  upon  the  enemy  while  approaeblng.  Tbia  should  be  de- 
termined and  snnonnced  when  the  order  to  occupy  the  house  is 
given.  If  the  building  Is  to  be  held  to  the  last,  a  good  flank  de- 
fenae  must  be  arranged  and  the  Interior  walls  must  be  loopholed 
and  arrangements  made  to  quickly  barricade  Interior  openings,  so 
that  a  fl?hllng  retreat  may  be  made  from  room  to  room. 

In  addition  to  tambours  and  caponlerea.  flanklog  by  vertical  fire 
mnj-  he  accomptUhed.  as  shown  in  fleure  113.  Buch  a  construction  Is 
called  a  machlpoDlla  aialli^r;'.  Fire  from  guch  a  gallery  Is  not 
very  elTectlve  and  will  usaally  not  be  worth  the  tronhle  of  prepBCi"" 
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for  It.      Uand  grtnadeK,  small  enuuMli  to  tin  pusdeU  tliruugli  tlie  luup 
bolea.  will  to  equally  effccUTe. 

M.  While  the  aef-^nelve  preparation  of  tUe  building  Is  Id  progress 

and  sucli  obstBcl^s  as  are  possible  cooiitTiiated.     tiood  obitiuileB 
make  Haok  defense  much  leas  necMSary,  eitept  for  houses  to  be  held 

»5,  VlllaKea.' — VllliiBee  of  well-built  houaea  can  often  be  tomed 
to  eirellent  advantage  (or  defensive  purposeB,  uud  ttiu  ittsue  uf  loaiiv 
Importajit  battles  has  depeniliid  on  thtic  capture.  Tlie  outer  bnllil- 
tDUN  SQd  iQL-luture  walls  facing  the  attack  not  only  affoi'd  a.  strong 
arlng  line,  but  Che  interior  and  roar  of  the  village  furulGh  SDOd 
cover  for  supports  and  reserves.  An  obstinate  Atep-liy-atep  deiKUae 
can    be  arranged   by   the  use  ol  interior  bulldlngB  aJid  street    barri- 

.,  the 


ample  covered  cummuiilcallooj  leading  to  thv  rear.  The  front 
should  he  liivldea  Into  defloite  aectore  of  defense  to  whirfi  com- 
unilE.  companies  or  battalions,  are  usaigned.  Interior  llne«  of 
ise  may  be  prepared  along  streets  parallel  lu  this  front,  and  a 
stand  made  In  any  strong  central  building  In  an  open  space, 
as  a  church  or  coarthanse.  Machine  guns  cna  be  usffl  cSec- 
I   barricades   sweeping  the   streets  leading  to  the 

should  receive  cswclal  care,  tbe  neees- 

., „_     _     sing  provided  Cot   this  purpose.     Ar- 

tlllery  for  tbe  defense  of  vlllagea  should  be  placed  outside  and  to  the 
rear  of  the  Sanks. 

SB.  Woods. — Woods  offer  less  advantages  for  defensive  purposes 
than  Tillages.  Since  the  front  edge  of  a  woods  often  makes  a  good 
target  for  the  enemy's  artillery.  It  will  generally  be  best  to  place  the 

to  use  Che  woods  as  cover  for  supports  and  reserves.  If  the  edge  of 
tbe  woods  Is  ragged  and  Che  woods  not  too  dense,  a  trench  may  ba 
placed  just  Inside  the  edge,  where  it  will  be  concealed  from  view. 
Digging  inside  woods  la  difficult  an  account  of  roota,  buC  freqnentlr 
sufficient  dead  branches,  logs,  etc.,  can  be  beaned  up  and  covered 
lightly  with  earth  from  a  aballnw  trench  to  give  a  good  parapet. 
Shell  Are  on  woods,  altbaugli  not  muterlally  destructive,.  Is  apt  to 
be  demorallilna  to  men's  nerves.  Woods  afford  the  mHterlal  tor 
abatis,  and  this  should  be  freely  used,  especially  aloc^  reentrant 
portlobs  of  the  edge  when  It  can  be  Banked  from  the  SBlleat  parts. 
Aa  In  the  ijase  of  villages,  ample  communication  a  are  essential  for 
a.  successful  defense.  Tbese  should  be  marked  by  signposts  and  lan- 
terns to  show  plainly  the  positions  to  which  they  lead.  If  time  per- 
mits, a  clearing  may  be  made  through  Ihe  wooila  and  its  rear  edge 
occupied  as  a  second  line  of  defense.  Usually  this  Is  Impracticable 
on  ai'count  of  the  enormous  labor  Involved,  and  hut  a  single  line  ol 
defense  along  the  outer  edge  can  be  provided. 

HI.  nencrol  coniildvrnlJoiiH. — The  for^olnj;  paragraphs  In- 
volve the  general  supposition  that  Ihe  Ijest  Is  attalnaolB.  In  actual 
service  this  will  not  oftfu  be  (he  case.  War  does  not  aanally  permit 
sandpapering  and  pidlahing.  Tbe  main  thing  )a  to  get  some  substan- 
tial result  and  get  It  guTckly.  The  military  encSneer,  totntdering 
proierts  for  SelS  fortiflcatloos,  must  rsckon  with  four  Imperative 
limitalions — lack  at  time,  inck  of  men,  lack  of  tools,  and  lack  of  mate- 
rials. Each  of  these  tends  to  defeat  his  object  of  doing  the  very  best 
thing  and  compels  him  to  work  out  n  scheme  wblcli  goet  as  tar  In 
thai  direction  as  his  llmltBttons  permit.  The  best  is  to  be  kept  in  view 
always  to  steady  tbe  aim  even  it  It  can  not  be  reached. 
94316'— 17 22 
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and  what  malerlals  can  lie  procured.    Tbe  reiallvE  guaotltlps  anil  DDm- 
■  ^s  herelnbrfore  irtTen  are  to  be  foDSldered  an  minima.     Kvitt  ••llort    ' 

■■   -  •     ■        -     -  ■     - and  bj  aU  means  mt    , 

, irp  men  the  raal.-r  th*    > 

...  ,. r  condition  bLI  will  be  tn  when  (he  work  U    . 

iHbi^d.     Manual  labor  for  suldiera  In  tbe  Beld  la  a  necessar;  e   " 
ft  and  Bboald  alwaya  be  mlnlmlzi^, 

Knowing  (rom  [be  time,  force,  tools,  and  materials  to  be  bad 
n  be  done  In  tlie  aBgpPtiate.  lay  out  a  tirhpmp  within  thp  iLmft 

vln^  Bneb  ot  the  preoediD?  prin^plea  a ^-^.  , 

(  as  much  as  may  be  oeceeBary  tlioae  wblch  are  secondary 
?omplete  or  emergency  stlieme  leaves  some  risk  uncovereu.      iiecii 
itcJi    Ib   the   least  probable    risk   and   economize   time  and   labor 
at  direction. 

HS.  Ijitrlne  accomtnodatlon  sbuuld  be  ample;  seats  sbould  I 
sed  on  at  least  2  per  cent  of  tbe  troops  Uiilns  th.im.  Urine  t<'ce. 
Dies  sbonld  be  based  on  the  «aine  Kralp.     Latrines  Kbniild  be  proTlded 

r  all   iTfncbes  and   *helters   which    have  to    be    c '""'    '""" 

ort  periods  by  troops. 

H9.  The  following  are  some  of  the  varlouB  kinds  : 
Bos  la.trlB«.— ^h)B  consists  of  a  pit  16  feet  long  by  2  feet  widgl 
6  feet  deep.  A  nqunie  bo.i  or  boxes  are  placed  on  top.  The  sld(i<. 
Duld  be  boarded  all  ronnd  so  that  the  boanla  project  over  the  sldM 
the  pit.  The  height  of  the  box  Hhould'  be  IT  Inches.  Two  bolM 
i  made  In  It  and  lids  provided.  If  deep  enough  II  does  not  smelS 
is  moat  fliilTnhIo  for  t-rpni^hpn.  nrnvlHeil  rh»  vFonnd  In  dFv,  < 

ay^n^t'^ 


, „--.  „ _„,  e  curtrea 

n-lth  enrth.  It  Is  very  Important  that  every  officer.  Don  com  missioned 
otncer,  and  man  shall  make  It  a  habit  to  cover  the  excreta  every  tlm« 
before  be  leaves  the  latrine.  Offlcern  and  men  are  apt  to  forget 
this  nnd  In  five  minutes  the  Pvorela  will  be  covered  with  files,  Ths 
bui-kets  are  removed  nnd  emptied  at  niKbt. 

The  short-trench  syRtem  Is  suitable  onlv  on  the  line  of  march  when 
n  halt  Is  made  tor  a  Dleht  or  tn-o.  These  should  be  dug  3  feet  long 
by  2  feet  wide  by  1  foot  deep  with  4  feet  6  Intbes  Inlprval  ttetween 
latrines,  no  that  when  the  first  lot  ore  full  and  covered  in  fresh  obes 
can  be  dna  between,  leaving  a  mnrglQ  of  »  Inches  on  each  side  of  the 
bole  of  solid  and  not  foid  ground. 

fiO.  Every  latrine  should  have  a  separate  pit  dog  for  a  nrtnnl. 
The  following  are  the  various  kinds : 


d^m"  rt  wUl"" 


now  from  the 
(em.— Th' 


trm. — This  conaistB   Kimpiv   of  _an_  iril   ean^th  a  pipe 


I  B  reel  in  diameter,  witn  stones  in  tne  bottom, 

I  tin  can  perforated  at  its  bottom   pliiced  on  the  1 

n.^Thla   Is   mora   einhorate   and   suitable   far   ■.  I 

&   troucrb  slightly  Inclined.  2   feft  long,   made  of  ■ 

ir.     Oil  enn  at  one  end  out  on  the  ground,  placed  1 

:he  trongb.  I 

™.._    ... . — ...    _,   -_    _„ .^^    .    _._j 

t. 

i 


and  simple. 

In   trenches  It  Is  sometimes  Impoaalhle 
dlnary  oil  can  placed  In  a  suitable  poRlllf 


should  always  be  marked  "  foul  gnjiind." 


_,L.bdyf 
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93.  DrslnaKe    Is   eascDnnl    tu    the    prPEprvation    of    trcDFlieH    i 

the  healtli  anii  comfort  ot  Qte  truop^.      lu  deliberate  works  It  la  n 

to  study  the  drainage  nutsllon  In  dttnll  and  to  dig  apeclai  dltebes  of 
ample  lannoity  before  work  un  the  trentUea  proyer  Is  begun.  Of 
pouree,  tlilB  can  not  be  floue  in  tbe  preaente  of  the  enemj.  ATioiit  the 
oniy  remedy  in  that  cnee  la  the  coiiEtruetlon  of  floors  or  gratings,  the 
collpctinn  of  water  into  ults,  ntid  Its  rumoval  lij  conatnnt  pumping. 
The  bottom  of  tlie  trench  should  alopt  toward  tbe  tmck.  wbere  tbe 
water  maj  be  run  to  a  pit  in  a  drain.  Where  tbe  Boli  ia  impermeable 
an  endeavor  should  be  mafle  to  reach  a  permeable  layer  by  boring 
II  hilly  terrain^  the  water^  may  bt'  drained  oS 

je  pita  1    

Tbe  drBlhage  and  liooring  of  n , 

tpcnetaeo  in  consfaat  uee  Ifi  epedolly  importnnt.  and  should  be  Con- 
EidiTPd  in  Eclecting  their  loeatlon.  When  timber  for  flooring  1b  not 
aTallablc,  drains  flDed  with  broken  atone  ahould  be  coUBtFucted  in  the 
bottom  of  tile  trench.  .A  good  form  of  floor  grating  la  made  of  croBB 

Eleces  of  S  by  4  by  24  Inch  boards  UBlied  to  two  longltadlual  pleeea  of 
Imber  about  3  by  4  Inebee  by  6  feet  set  on  edge. 
In  ■faeltem,  provlBlon  should  be  made  far  the  drainage  of  water 
n-hieh  runs  tbrough  the  entrance  or  aeeps  through  the  walla.  A 
drainage  pit  should  be  conatructed  near  the  entrance  and  tbe  floor  of 
tbe  aheltor  shonld  be  sloped  toward  it ;  the  pit  must  be  emptied  wbeU 
neeessary.  The  roots  of  shelters  should  lie  made  waterproof  by  using 
roofing  paper,  corrugated  iron,  tin  or  zinc,  linoleum.  cnnveB.  or  tiles. 

TBAINING  IN  FIELD  FORTIFICATION. 


Infantry  must  be  capable  of  the  ci 
e  of  all  forma  r' """"    -■--"- 


ra.  and  bacbei^nlre  entangle 
iiieuiB,  LouKinni  pracoci'  ua  digging  and  making  entanglementa  at 
night  ia  necBBaary,  Oflicera  and  men  must  l>e  well  trnrned  in  the 
method  of  marking  out  works  to  be  dug  at  nigbt  and  in  extending  a 
pBTty  atlently  on  a  task  In  darkness.  Troops  should  he  trained  to  dig 
fully  equipped  except  for  their  packs.  It  will  be  useful  to  have  a 
i^rtaln  number  of  men  In  each  company  specially  trained,  iiiider  engi- 
neer Bupervislou  In  tbe  conetryttlon  of  obstaclea,  loopbolea,  ri.'vet- 
iiients,  and  drains. 

Thu  output  of  work  Is  much  grenter  when  the  workurs  have  been 
ajatematteally  trained  and  when  they  are  correctly  illstrlhuted  to 
their  several  taaka  and  directed  by  competent  noncommlsslonea 
oficera. 

94.  The    ele 
weeks,  but  n ' 


0  that  ei 

liBB  to  do  a 

i.v  of  handling  them,  Bvatemat  

eratkin  so  that  men  will  not  get  In  each  other's  way,  ami  knowiedgt 


iITective 
Ic  dlBtrihutlon  of  tools  and  ta  ' 

^^^  . — ^  „.'t  In  each  otber'a  wav.  and  kni 

^tioQs  and  typei 


and  the  men  ahoutd 
be  trained  to  build  without  hesitation  the  normal  or  usual  type  of 
flring  trench,  communicating  trench,  machine-gun  emplacement,  cov- 
ered shelter,  cave  shelter,  and  to  brCak  out  ajid  work  a  sap.  Special 
conatmctions  beyond  the  above  Hat  can  be  given  Inter  to  those  beat 
qiinlifled  to  reeeive  it,  or  In  cases  ot  BpeFlRl  omergeney. 

.^_. — .._-  -J  .. 1 — 1- .< ..|,  (j^p  their  places  Im- 


ORGANIZATION  OF  A  DEFENSIVE  POSITION 
69    A  drfeiulve  poaUlon   tony  r        I   of  an 

prpTloaa  i'deLtian    the  most  h  iltabi     |  1      IF  the 

poBltlon    a  takeo  np  hb  a  result  of  hq    u  I  e  pusltbns 

Oteopleil  »re  not  np  i>saarUy  good    nu  I  rpajjutt 

ment  of  the  Hoe  lu  promptiy  upder  aken  tJilzlD^  the  pu  ttl  db  oeea 
pleil,  SB  far  aa  they  :ire  Bu!tnti]e.  This  geaeral  Hoe  is  uft.-ti  timde  innre 
aatlBtactory  by  capture,  through  fonuentrated  effort,  of  lertnin  posl- 
tloDS  In  Che  hands  of  the  enemy  and  less  often  by  wlthdravrnJ  of  troops 
from  exposed  posJtions  already  occupleij  and  Intrenched  by  them, 

WhalL'Ver  may  he  the  manner  of  occupation,  a  defpnsivo  poal- 
lion,  vomplflelr  orfcuniaed  for  defenae,  consists  In  Its  sim- 
plest form  of  the  following: 

(o)    Fnrrfcronnd  deared  And  ohstmctpd  by  obstaclea. 

(6)   Cirliis-  trenehea,  conshitlng  of  a  "--      "   -'--- 

wMcb  may  or  may  not  be  connected  by  t  . 

Many  machine  giJns  are  seiierally  Included  In  the  Uring  ui^jiuil^-h, 

(c)  Support  imeliH,  connected  with  the  flrlnj;  trenclies  by 
BPliroacli  trenchei.  Ab  a  rule  a  batlallon  is  anslBned  a  sector 
for  ilefeiiee.  and  It  furnishes  Its  owd  NuppaTt».  Certnln  sections  ol 
firing  trenches  and  suiiport  trfnchen,  wllh  approach  trencheH,  are 
called  Biipportlnv  potiita.      (See  tiga.  118  and  IIB.I 

(d)  Conunund  paati.  Intreoched  In  most  suitable  posltlona. 
Jel    Reaen-e  and  n "-  ■" *■-- 


stair  p 


sltlons. 


to   be  occupTea   by   prerfouB  'selcetlon   i 

j^    the   ma])   In    such   mannph  ni   to   mfci   i 
il    requirements   of   the   a 


usually  be  seleo 
strategical    and 

front  la  divided  ...  

ments,   and   battalluDS.     This   slmnlini^   command   and   Ine 
tinulty  of  the  defense.^    JI  the '-  -  '  ■       ■ 


■fgadea.   refll- 


of  the  defense.     If  the  map  Is  a 

_ II.  B.  Geological  anrvey),  tlie  brl, 

therefrom,  but  for  the  aBglgnmant  of  tnc  xmaiipr  »in:torn  ami  roe 
(irj(a nidation  of  auprottlng  points  an  eiBRilnatlon  of  the  graund  la 
iil>aolntcly  esaentlai.  Any  attempt  to  make  siii-h  aaslgnmenta  from 
the  map  alone  would  he  very  apt  to  result  dlastronsly. 

The  matters  (o  be  connldered  In  organtiltiK  a  defenslTe  poslttoB 
Are :  The  misalon  of  the  command,  numlfers  and  quality  of  troopa, 
Btrensth.  iiuslflon.  nnd  probable  Intentions  of  the  enemy  or  of  UDj 
snpportlnE   troops    In    the    vicinity,    the   nature    of   the   terrain.    Hie 

of  both  combafftntB,  thp  I'tBclenoy  of  tire,  artillery  poBltlona 

for  both  aides,  eqse  of  support,   maneuver,  or  relreat.   eb- 

■niplared,  lime  W  poVltli 

;  unit  areas  of  the  defenfllve  poal- 

Sle  knoll,   a   slnile   nose  eunv^ 
grounil,  a  amsll  yillagB  suitable 
"     1  large  woods,  a  group  of  Dills 


ri£LII  FOBTIFICATIOIT.  3S7 

■s,  n  larae  town  BDltable  tor  defeDse  by  a  large  pomlmt  uoit, 

coiulmt  unit  ftsulgaed  (or  the  detenae  of  anj  supporting  point 
cy  wllli  tiie  slic  usd  Importaait  of  tile  area  to  bt  detondGd, . 
Ltion  to  the  rest  of  the  line,  tbe  dlOlcuItj  or  organ luitlon. 
tj   to  a  threatened  flnnk  of  the  general   line,   diaiBnce   from 

..----       -.      .-    -.-J   organlantlon   a   battalion   la 

..J.  .   .    ,_.,   .(  jg  j],g 

pp.    ■■ 

nvld    foFliacBllons    cloBGd    worka    find    little    apptU'stlon. 

,_   J  V _j^_  — itpat  of  rifle  irencbea,  so  d'jpoaed  a_  ._ 

terrain  over   wbich    an    ad  ance   of   the 
enemy   i&  pracncaoie-     "jnere  should  Iw  a   maittmuE'     '       '      . .  -^    .- 
frontal  See  and  arratigeincats  tor  mutual  suiiport  b 
Are. 

The  Eeneial   location  of  ' 

nnit  will  fii  anproilmalely  t —  , —  _- ^ ,. . 

course,   be  within    the  Ge<:tor,    but   some   leeway   In    the   direction   <,^ 
depth  Ib  allowed  bo  long  as  the  unit  dui'B  not  unduly  expose  Its  own 

dependent  upon  It  for  Qre  support. 

,__ _.,.    .    t  tlat  a   unit  may  otten   be  forced  tt    . 

a  aiipportlni:!  point  In  a  locality  which  at  first  glance  appears 
to   uiLcr  a   very   poor  field   of   ilri'.  \ 

99.  SItInK  ot  trencbea. — There  are  many  confiictlag  cODBldera-  i 
tlons  to  be  taken  Into  account  in  deciding  on  tbe  best  siting  lor 
trenches.  Beporls  have  been  received  of  the  placing  ot  trenches  on  1 
the  reverse  slopes  of  bills  In  order  to  protect  them  hb  far  as  possible  ' 
from  artUiery  Are.  ana  statcmeots  have  been  made  that  100  yards  In 
front  is  aufllclent  field  of  Bre,  since  obstacles,  rifle,  machine-gun,  and  , 
artillery   Are   can    check  ao    enemy   in   that  diatance.      Reverse   slope 

Sisltlons  have  been  advocated  by  a   ten  authorities  for  B 
hey   tend   to  conlinc   their  o '~   "-   "—    ''-' — ' — 

eppniy  to  approach  the  coverL 


permits  an  enemy  to  approach  within  one  i 

tosition  is  no  longa'  concealed,  IJxperlene 
iBses  from  infantr*  fire  are  incurred  at  il 
¥irils,  and  that  at  1,000  yards  this  Are  ma) 
he  choice  between  a  site  In  front  and  one 
cncetl  by  total  eonditUms  governliiK  the  ell 


n  the  ul  Itary  er  t  f  r  sing  ground  and  the 
I  b  th  f  regrn  nl  1°  visible  If  the  position  at 
s  It  H  inndvlaahle  Positions  forward  of  the 
ind  ajiil  limit  illstant  view  but  are  less  eiposed 
chief  disadvantage  of  a  position  fOTwaril  t  the 
V  ot  ommunieatlon  and  withdrawal  The  loca- 
■H  is  to-day    just  '  ... 


Round  Judgment  on  tbe  part  of  the 
responsible  offl     rs 

fOO    Oenerol    d    •■    rl|  11    n        f    no    Inlrt-nLlted    none —The 


la  In  Iront  n 
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KKAIHUKH   nSLD   UANITAI.. 


Je  fire  aud  t 

loeal- 

QBiBt  of  flcina  bttjs. 

JiiitluB  forward 

from   the  co 

vei'  or 

l>    tlM 

(....n.'hes,    the  e 
KBrrlson. 

"iPh'-efa^l^^r 

.';,!S 

BDiall 

flrlDg 

.    11   rlurlug  a  li 

or  f^ 

,^  In  n    there  Is  n 

oC  much   dan 

:er  of 

re  UBoallj  c 

'■'""lis  ar.d™li 

)   aiid  shuald  be  h 

■  1   in  front  h/  an 

ment   of^'th^ 

"^ 

..r'withT^iic™ 

BUpportins 
illery   fire  ^ 

.     To  eBcape   ar 

^P^ 

r,',: 


lih    the    front   line    by    frp, „^, 

lurnrmedlate,  cammuQlcatlae,  and  reserir* 
iiir  flrlDB  at  certain  points  for  use  Id  case 

Hue  and  tnakeB  a  Qaot  attack, 
trenches,  and  also  connected  with  them 
'ii>  Fenerre  trenchen,  which  may  conBlHt 

iiombproofn,  or  cave  Bheltera.  olten  formed. 

■me  natucal  feature.  The  reaerre  trenches 
i.iilate  the  iiattallon  reserve  whose  function 
[  attack.  The  reserve  line  may  be  *IO0  to 
■■nt  line. 

'  may  also  Include  local  trenchen.  auch 
iiK    behind    the   flrinu    trench    wltliln    caBjr 

of  It,   11b  purpoBe   being  to  drive  nut  hy 


d    tor   all-r 

. Their  objw 

.  -jetrnted  the   front   lloi 
thna   tadlltati 


"  ..tcTcr  hapueni  to  the  rest  ol 

lis  kind  Hhnuld,  It  poHBlble,  afford  n 


■nches  and  to  bi 

f    havi'   n    Hring   bamjuette  b1 
he  Uronght  to  IJear  npon  the 

.  .«lB  along   theae  trenches 

"tekry  pulled  into  the  trench 

ttau  route.      At   Intervala 

Bra  to  deboucb  and  launch  i 


3  break  up  » 
prey  en  t   ItB 

1  the  faclUtlea 
garrUon  must 
le  line.      Ad]*- 


le    flrst   line  of 
M  ot'struct"tSS 


_",CeKv^lc 
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^Sr- 
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A  further  dpfponlvr?  fcaturv  is  tbc  ■x.-iaAtiinnl  ^leiatea  platform  airoH^ 
the  Irencb  at  an  angle,  where  une  or  twu  ni'-a  wUh  haod  grenades  csD 
coDtenltDtl]*  oppusr  an  adToiKv  aluag  ibe  ireni-b. 

Latrine*  are  provided  In  all  trencLes  and  mOBl  tw  la  posliloiu 
esnr  of  ifi^eM  ami  protected  rrom  Ure.  Tbry  are  uanatly  made  Id 
T  beads  at  the  ends  o(  nhort  trenches  leading  off  from  the  approarh, 
cmnmiiDtcatlDg,  cover,  or  support  trenrh. 

107.  AiuEBiblr  polnta  are  locmer  flring  trenches  which  ba*e 
been  organized  fur  a  sta;  of  Beveral  Oayf.  ot  tbey  are  aliort  trencd 
elements  dus  eBpedally  to  hold  companies  during  short  stars,  and  In 

I  which  the  men  can  unlf  alt  down.     E«en  the  hitter  siiuuCd  contain 

'  Mater  barrels  and  latrines,  also  a  conimaad  post  sheltered  from  rain 

where  the  captolo  can  make  a  light,  open  his  map,  and  confer  with 

hlH  platoon  leadem. 

108,  Strona  nolnla, — tn  every  Intrenched  Bone  there  wUl  be  a 
certain  number  ti  points  whose  loss  or  whuse  occupallon  by  tbe  enemy 
will  endanger  seriously  tbe  rent  or  Ibc  line  or  weaken  tbe  defender's 
bold  npon  It,  Other  points  particularly  favorable  for  defense  will 
also  aeeur.  Such  points  should  receive  special  ireatmeut  so  as  to 
develop  (o  the  ulmoat  tbclr  capabilities  for  defense,  and  to  enable 
the  troops  to  hold  them  even  after  the  neighboring  portions  of  the 
line  bsve  been  lost. 

•  ir  the  Intervals  hetween  these  points  are  great  there  should  be  small 
In  I  er  mediate  works.  These  works  should  be  clearly  dealBoed  to 
offer  a  protracted  resUtauce,  unsupported  It  necessary,  to  hnstile 
BttDcka  from  uny  direction,  flank  and^reiir  as  well  a»  rrnot. 
The  Importance  of  tbe  point  to  be  strtngtbened,  I 


Eenerally  determine  tbe  area  to  be  iocloacd.     A  lurgp  de- 

...■£  offers  a  less  concentrated  taruet  to  bostlle  guns,  and  ii 

therefore    less   vulnerable,    but    It   requires   a    large   garrison.      It    is 


fended  work  offers  a  less  concentrated 

therefore    less   vulnerable,    but    It   rcqu _    .__„_      

usually  gartlaoned  by  a  baltallon  or  regiment,  and  Is  then  called 


■opporllBK  I 

The  small  Intermediate  works  above  referred  to  are  generally  ar- 
ranged for  an  all-round  defenee,  Buch  a  work  Is  designed  to  be  held  by 
1  company  or  n  half  company,  and  Is  also  called  a  atrniiK  point. 


or  It  wl.. , ... 

the   garrison   should   be   provldeil    wltntn   tbe   work.     Tbe   garrison 


r  It  will  become  a  shell  trap.     Hood  bomb-pi 

an   should   be   provided    wltnln   tbe   work.     „_. 

sboald  be  kept  small  and  the  defense  provided  by  machine  gana  i 


_  _    .s  poKBlble. 

lOB,  The  larger  aoppurtlnv  sotnta  (figs.  118  and  1191  are 
better  defended  Ijy  a  system  uf  trenches  covering  u  more  extended 
Tbe  edges  of  such  a  center  should  be  provided  with  defenses 


SCT*""™'  '■*■-' ■™"- "" 


again.. ,    . 

of  a  cunllnuoun  tiring  trench  or  uf  Uolated  lengths  of  flring  t 


I'orks  In  tbe  Interior  of  tbe  locality  by  eom- 
uiuuiiiiii.iH  uuo  Biiumaih  treDches.  Small,  Strong  polntK  such  as  Bra 
dCAcrllied  iibore  mfgbt  welt  form  an  eletnebt  of  the  defenaea  of  the 
larger  supporting  point.  Within  the  defended  perimeter  should  be 
shelters  for  the  garrison  and  a  series  of  cover,  support,  and  reaerva 
trenches,  and  cnmmun  lea  ting  and  approach  trenches,  many  of  them 
prepared  for  artng. 

In  this  way  the  Interior  Is  cut  up  Into  compartments,  and  tbe 
scheme  of  defense  Is  so  organised  that  even  If  tbe  Cbpniy  succeeds  in 
establishing  himself  at  some  point  In  the  perimeter,  an  ubliroken 
fn.nt  Clin  KtlU  be  presented  in  bfca  and  the  defender's  bold  on  tbe 
lonillty  Ih  prsctlivlly  undisturbed, 

11(1.  Mni.hini>  Bans  plav  an  Importaot  part  la  tbe  defense,  and 
wments  sboiild  be  numerous.  Tbe  siting  uf  tba 
,  1201  should  be  very  carefully  considered  so  as  to 
laterally  and  In  depth,  and  will  largely  govern  the 
the  drfenaes.  A  suunortlng  jinlnt  should  nut  offer 
1    reduction   by    bombardment 
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Plan  with  Cover  Removed 


} 


SM  EirSIirEEB   TISLJt   lUinrAL. 

Hhould  bE  B  dlfficDlt  nod  lengthy  uperstioo.  t'Diailiae  a  "f^i 
ture  at  ■iiiini]iittl''n. 

lit.  It  will  b"  Doled  tint  AgaK  117  Is  a  dlagmm  of  pan  of  a  ms- 
portlng  point.  Bi-sfine  trforhpe  anJ  approaohes  thereto  arp  not  Indi- 
cated. Baaed  on  the  asaamptloas  ihat  wir^  edtBDelpmpDtB  an>  31 
Ifet  wide:  tbat  firing  trmrbc^  are  ^'onstr[lt'ted  <n  aquad  lengths  of  18 
fen  with  6-fix>t  tiayeraei  between  adjaceat  Eiquad  trenches:  that  a 
half  compan;  containH  eight  eqnads.  a  ha.lt  rompans  being  in  each 
n[  Bring  and  eup^Kirt  treni'hea:  and  thai  ibe  support  treoches  ere 
00  yarde  In  rear  o(  tbe  Uring  trenches.  It  has  bern  calculatpd  tbat  It 
woald  require  4,450  mao-hnnra  of  work  to  bnlld  the  part  of  tbe  aop- 
portlng  point  an  represented  on  Plate  III.  ciclutdve  of  revetment, 
divided  approilmatefy  as  followE  : 

Uan-houra. 
Firing  trench  and  attached  works — ^ — 

iiupport  and  local  Ir«Dcbes  sod  attseb^d  worka 

Approaches  and  attached  works . ^ ^_^^_^ 

EntaaglemeDtB 

Sbonld  all  mea  In  evfty  aquad  of  tbe  10  eqnada  tomiTn) 
pany  occnpylng  the  posltKin  work  It  wonbl  require  35  hou 


experienced  Id  class  of  work  to  wbleh  asalgned. 
Tbe  materials  of  coDfltmctlon  reqalrrd  include 

Approximately  Sf"         "" — ' "  ■--■-- 

Aiqiroilmate'-  " 

ApproilmaK 
beside*  aandbaga,  ] 

112.  VlllaKea  of  oinRoary  conn t ruction  placed  in  a  ntate  o.   

fenKe  make  tbe  best  klod  of  suppurtlug  point  (fig,  2).  It  the  detenM 
is  properly  organized,  their  capture  has  uoually  proved  a  tang  bd 
contly  operatlou.     Cellar*  witb  tbelr  roofs  shonKl   up  and   rclntorctt 

can  be  made  by  breaking  tbrongh  from  cellar  to  cellar.  Tbe.  or 
zatlon  of  the  defenw  of  a  Tillage  Is  similar  to  that  d>^?cribcd 
Bupportlng  point.  Tbe  field  of  Are  for  Interior  tines  of  reaisUnce 
be  Improved  wherever  DeceBBary  by  tbn  thorougb  dtMnoUlloc  of  1 
iDgn  and  tbe  removal  or  apreadlng  Of  d^rls. 

These  atrong  points  and  snpportlug  points  should  always  hs 
continuous  obstacle  around  them,  in  addition,  any  interior  ti 
which  may  noder  the  scheme  of  dpfenoe  become  n  line  of  resU 
abould  aluo  bv  covered  hy  a  wire  entanglement. 

rulty  of  command  Is  an  Important  thing  In  the  defenpe  of  osc 
of  tbeae  works,  and  for  tbla  reason  they  should  be  ilealgned  tor  i 
garrison  of  ■  complete  unit. 

113.  The  aupportlnk  polnti  nnivt  be  wltbln  supporting  distance  i 

middle  of  the  Interval  between  adjacent  centers  of  resistance.  TI 
Interffala  are  closed  by  dummy  trenches  st    "  '    " —    .  ^-^^  ...    _  _. 

-' ind   the  ■"-- • 

nltimatf 

suiiporting  points. 

present  condlHoDB,  does  not  constat  In  boirling  tbn  firing  ti 
even  the  support  trenches,  but  lies  In  the  ability  to  organize  s 

.!.. . — %._„■.      mi.„  ..•jpv  and  capture  of  the  tiring  t 

:  artillery  preparation,  but  the  ' 
st  S  powerful  counterattack  froi 
farther  back  Is  the  key  of  aucceaa. 
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The  tommflnderE  of  spftora  do  not   roiinl   on   holding  tbefr  flrlnB 

in  ever;  ilvtall  tor  a  poaDterattnck.  If  tbe  counIerBttack  fnlla,  the 
final  rpBlBtance  Is  inaile  !n  tl)p  strong  potntii  tbai  form  ttP  reserve 
frpnches  of  the  Bupporting  point.  Supporting  points  have  been  HBually 
Ihp  eauae  o(  failure  of  attacks  on  Intrenched  Ilnea  In  tbe  present  VB.t. 
They  are  considered  absolutely  esBentlal. 

114.  In  the  sketchea  iUuatratlng  Bupporting  points  the  features  to 
le  CBpacInlly  noted  are : 

Two  FompaniPB  In  the  flrlng  line,  one  (n  Bopi — ■   — ^  —  '- 


Brat 'line,   support   llneii.' 


,_  ._ lb le  line  of  trenches  in 

and  cover  trenches  behind  the  ~  ' 


wire  entanglement  In  front  of  flrst  line;  tbe  whole  aupportloB  poll 
divided  Into  two  longltiidinfll  secHons,  each  protectpd  In  flnnk  lij 
wire :  each  longltudlual  section  divided  transversely  Into  three  parts, 
vis,  the  flrlng  trenches,  the  support  trenches,  and  the  reserve  trencbea, 
each  In  turn  compJeti'ly  siirrorindeil  b,v  wire  end  each  protected  With 
trenciies  arrangea  for  Hrlng  faced  to  the  rpar  as  well  as  to  the  trout 
and  flunks :  passa^R  throngb  tbe  wire  of  tbe  HrRt  line  made  eantlnu- 
ous  through  tbe  two  lines,  but  always  In  the  reentrants. 

LiBlenlng  posts  In  front  of  each  lltlng  trench  of  the  first  line, 
plnccd  between  the  two  systems  of  wire. 

Mnchlne  gnns  of  the  flrst  line  In  reentrants.  Thone  on  the  Banks 
(0  Bweep  the  Intervals  between  this  center  of  resistance  and  thoae 
adjacent  to  It. 

rommunleotlnE-  and  approach  trenches  provided  with  firing  para- 
pets. Eiostly  facing  ontward  towarfl  the  wire  of  each  section  or  the 
supporting  point. 

IIB.  Three  companies  In  the  flrlng  line,  each  with  one-liair  In  sup- 
Wire  snrronnds  at  least   two  distinct  portions  of  each   cocDpany 

«ire  nrntei-ts  the  two  flankB  of  each  communlcatlns  trench. 

llstlnct  portions. 

,.  „     .  '  all  In  the  reentranta.- 

The  suporting  point  la  prepared  for  all-round  defense. 
The  emplacementB  tnr  the  machine  guns  of  the  front  Hue  are  In 
reentrant't  to  sweep  tbe  front  of  the  wire 

The  enmmunlcating  anfl  approach  trench 
Ihroughout  a  largf  portion  of  their  length 

Cnmmnn  leafing  and  cover  trenches  extend  behind  nenrlv  all  of  the 

The  railroad  cut  and  fill  are  not  prepared  for  defense  because  for 
one  reason  they  are  too  well  located  on  the  general  map  In  possession 

llSi  Arrangements  must  be  made  for  reconaalsBfluc"  parties  and 
for  attacking  columns  to  debouch  convenient^  throurfi  openlnei  In 
the  line  ol  defense  protected  bv  movable  obstacle"  These  openlni™. 
must  be  ander  the  fire  of  tha  unpport  trenches. 

Support  trenches  are  from  lOO  to  200  yards  in  rear  of  tbe  front-line 
defenses.  They  are  not  continuous  as  a  rule.  Their  purpose  Is  to 
limit  the  retreat  of  a  fraction  which  may  have  been  thrust  back  tem- 
porarily from  the  front  line  and  to  give  time  foe  the  reflerves  to 
arrive  and  eminterattack. 

IIB,  Farther  to  the  rear  la  a  line  of  Btrone  points  gHrrlsoned  by- 
local  reserves  snpportlng  the  flrlng  trenches  and  tbe  support  Irencfiea. 
and  sweeping  with  Its  flre  all  the  ground  in  rear  of  the  forward 
lines.  These  strong  points  are  less  numerous  and  less  developed 
than  those  forwnrd  and  are  siirroonded  by  obstacles.  The  Intervals 
between  strona  pnints  are  filled  with  obstacles  arranged  to  allow 
passnEea  for  the  debouching  of  troops  In  reserve  when  naeil  In  counter 
attactoi;  these  counter  ntiarks  may  be  made  by  the  garrison  of  the 
— E  trenches  of  a  battalion  supporting  point  or  by  the  regimental 
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creata   are    (nmiabed 
covered  parapel 

rapid  fire.     MaL_  _    . 

— -eoualj  when  available.     It  le 


IKrlv  covetvd  by  Sre.     About  bail  t 

ipboles,   and   tbe  oliier  lisK  with   r 

IICD  pennil.  at  the  momeat  of  assault,  tbe  n 

KUD8  and  llKbt  urtlllrry  atay  alau  be  u  ~  *  ~  ' 


Tlie  reason   for   breaking 


floDklni  nni.  I 

tian.  Do  not  couni 
Dblluui;.  aa  tbe  latte 
the  Boldlec, 

IIT.  iBtKnebed    soDea    tn    n 
may  contilat  nf  ao  iDtreocbed  xooe 
sone,  naaally  behind  a  protecting  fiukh  iu- 
the  Orst  tone  by   urtiflcisl   or   natural   odd 
latrly   good    eoncealmeiit    from    tbe   eoemj' 


o  danger  of  firing  i] 

front   or  lndentij_„ __    , 

I  Sri'B  ordlDHril;  at  right  nnglea 

e  than  ^io'  on  each  elde  of  sacb  diree- 

*  ■■       D  the  right 


rciiuires  a  diaplacemeDt  of  the  usual  position  of 
rmr   of   the    llrgat    aone. — Tbese 


that  furnish 

elaboi 


I  Brtilleij. 


v  point  of  t.-it'tlcal  Importance  ii  fortlfled  t 
iready  deaeribed.  Troops  occupying  tbeae 
~-'~  -'  n 'hostile  force  that  mnj  liave  pea< 

f  fiirtbpr  advance,  and  facilitate  conol 
attack.     Thej  also  furnlsb  c  framework  on  wblch,  by  dlegiug  Irei    ' 
connecting   the  supporting   points,   a  new  line  cbd   be   quickly 
Btructed  to  hold  ni;alnBt  vlgornus  attack. 
One  or  more  tdmllar  aonee  may  be  constructed  fartlier  to  the  rear. 
118.  FluDlia. — It  tbe  flanks  of  an  Intrenched  poaltion  do  not  rest 
on  fmnasBable  obatacles  they  may  lie  turned  by  an  active  enemy.  untesB 
Bpecliu    defenalve   arran^tements   are    made.     The    best    method    It     '~ 
refnae  tbe  Qahks  gradually  by   trei    '        ' 
porting  point  is  reached.     Tt-  " — "- 
obllqaely   to 


reached.     The  fianking 


echelon 

bee  Bhould  not  De  Inrneu 
is  exposes   (hem  to  enfilade  and 

mmmon  tendency  1b  to  make  the  trace  too  straight. 
Itb  frequent  naftents  anil  reeulrnnts  elves  greater 
trallon  of  fire  over  any  desired  aren  and  for  the 
"     ■  e  will  expose 


It  elTectlve  employment  of  machine  g\ma.     Su 

short  lengths  of  trench  to  enfilade  fire,  but  tbe 
by  proper  iravcrBPS.  The  enemy's  line  wlU  ah 
reentrants  and  will  be  equally  exposed  to  enBI( 

Minor  Irregnlarily  of  trace  U  essential  and 
lained.    Tbe  creation  of  large  Bnllenis  to  include  an  Impc 
Ileal  point  win  depend  upon  tbe  followlne  Impor*---  — " 

(at   Whether   the   possession   of  the   point   In   iiueBiiuu   uy    us  <i 
facllllatp  future  offensive  action  without  iinduij'  weakening  our  H 

(61    Whether  Ha  posaesBlon  by     the  enemy  will  uerioualy  threal 
the  security  oC  our  trenches. 

m.__ .__,L..    . —  .__   ._,  communicating  and  approach  trenel 

o  disfiute  in  case  -'  -— ■— ' 

..  „ Jllade.     The   llttet 

e  readily  In    "     ' 

"t    typ*    is     tue     wiuviue    UUK,     uui     LMir:    uuj  * 

moiinCFd  to  give  real  protection  agalnnt 


Eslble  trao 
«  the  indented  line,  < 
'^       -ilch  give     ■    ■■ 


.nd  the  : 


The   fittera   evacuailng   wouDded 


with  the 


approi 


ti  going  round  it  o 


■  tbe  h 


Atrplane 

by  dummy  trem 


lotographB   show 

—  J  -ypn  ^jre  entanglemeiita. 

:o  roftkc  the  work  lnconBpl_ 
□Id  paths  or  ti 


iL-'-God 
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would  cpveal  tbe  fact  that  an  attack  was  iDtended.      

bulldlnsa  thCEneelTES  Is  easily  concealed  from  air  observers. 
eilBtence  of  trencbes  atonnfl  or  leading  to  a  bnlldlng     * 
IndlcatlUQ  ot  Its  occupatiOD. 

121.  BoUdlnKs.— SnbBtaatlal    bDildlnm    found    close 

of  defense  may   be  demoUslied  or  they  may  be  occupied. 

gion  depends  generally  on  two  polnta,  wbettier  they  Save  cellars  whlcb 
can  be  Improced  Into  good  cover  and  whetber  ft  la  possible  to  de- 
mollab  tbein.  BulldlngK  draw  artillery  fire  and  nnleaa  good  cover 
OBD  be  constructed  In  connection  with  them  they  are  nothing  but 
shell  traps.  Solid  blocks  of  bulldinga  with  cellars  cau  be  made  into  ' 
eoud  cover  as  a  rule  aud  had  better  be  occupied.  A  huUdlne  without 
cellars  may  be  left  out  of  Che  line  If  It  can  be  so  etlectlveiT  demol- 
ished as  to  nfford  no  cover  to  the  enemy. 

'"".  WoodB. — A  position  from  30  to  50  yards  Inside  the  ed^  of  the 

_■..  .•> — J . ^  1 — u  observation  and  accurate  artiiiety 

..    _    .         _     ,    he  wood   to  the  enemy.     The   front 

edge  should  under  no  clccumstHnces  be  occupied  as  it  tumlshea  an 
excellent  range  mark  for  the  hostile  artillery. 

If  a  wood  bes  to  be  left  unoccupied  in  tbu  Immediate  front  of  on 

iDfreni'beil  line  spec'-' '- •  ■—   ■ — '-    '--  -' -- 

tratlon   of   Ore  on 

between  it  and  tbe  front  trench. 

123.  KXBCVTION  OP  F-IIQI.DWORK8. — TrDClnx  Is  the  operii- 
tlon  of  marking  on  tbe  ground  the  lines  wbieb  determine  the  horizon, 
tal  limits  of  cutting  and  embankment.  l^oflllDB  Is  the  operation  of 
indlcatlEK  the  actual  positions  of  snch  lines  and  slopes  as  are  neees- 
sarv  to  detennlne  the  proper  aectional  dimensions  of  trench,  dilch, 
and  parapet. 

Traotnc  iiBd  vroflllBC  are  not  indepetident  operations.  Tbe  trace 
depends  upon  the  profile  and  the  profile  upon  the  trace.  They  will 
he  considered  together  under  one  title.  For  shelter  trenches  the 
profile  is  standardized,  and  tbe  proper  parapet  results  from  tbe  exca- 
vation of  tbe  necessary  trench.  The  trace  may  be  roughly  deter- 
mined as  circumstances  permit.  The  alignment  of  a  tine  of  skir- 
mishers will  do.  if  nothing  better  is  possible.  Heavy  works  will  not 
often  be  built  under  fire,  but  It  they  are.  tbe  same  rules  must  govern. 
For  such  works,  executed  deliberately,  the  following  plan  may  be 
followed :  

(1)  (a)  Establish  the  trace.  Place  the  eye  at  the  level  of  the 
interior  crest. 

(6)    Mark  out  the  traee  with  stones  or  stakes. 
(c)    Mark  out  tbe  points  of  change  of  direc 
<d)   Mark  the  poQtion  of  each   traverse  a 
S  men  (minimum  thickness  of  traverse  2  yai^n,. 

(2)  Place  Che  men  with  their  Bmu  and  toota  by  such  steps  us  the 
tactical  conditions  of  the  moment  demand. 

(31    Place   tbe  packs  and   rifles  on   the  rear  side,   the   rltle  within 

(4)  Mark  out  the  tasks  in  width  and  length  by  means  of  a  mai'k 
made   on    the  ground   with    a    pick.      Mark   out   the    traverses   to  be 

(6)    atrip  the  grass  from  tbe  width  of  the  excavation.     Make  rap- 

'-    — '"i    these    fragments    of    earth    and    Brass    a    mask    or    small 

with   Bteep   slope  on   the   side   of  the  workers;    raise    It    to 


Idly    with    these    fragmeni 

— ith   Bteep   slope    __    .__    __    —     ,    ._ 

(The   piling   up  of  earth   on  It    will    reduce   It 

(6)  Dig  as  nearly  vertically  aa  practicable.  The  slope  should 
not  exceoJ  10/1.  except  around  tbe  traverses,  where  II  may  be 
reduced  to  15/1  or  1:0/1.  As  soon  as  the  parapet  affords  sufficient 
protection,  the  workers,  designated  beforehand,  make  the  traversee. 
They  are  commenced  at  tbe  two  ends. 
94346' 
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,  (11  CiuivMl  the  ii't-ncli 
»U»  •l|wi  11*  the  wmiitft  B 
unva  it  the  otlKlnal  Groiini 


I8l    I'lot'rad  with  tilt  IndlrldUHl  and  collective 
MDuUHtte*,  luHchm  or  loophcHe»,  dralnBKe 
'"'"'■uent.  Mrm.  iBilders.  obalucleB,  etr.) 

Xi*.  (A)  toolu  atailaiilg:: 

rurtMbl*  toolB  far  rack  tnfnstr 

^i  iMvk  UMltooki  vltli  carriers. 

If  Wire  cuttsra  with  orrlers, 

B  btatl  HXVB  «lth  carrlem, 

9  boloa  wltb  aeubbards. 
^  W^AoTsU  with  Olrriera, 
Oi  wblvk  rnch  xqiiMd  trnrrlc* — 


fur  eaGh  iDfa.B(: 


I  wire  cutler  with  cufrier 

4  BhoTel*  wltt  curriers. 

I  OKud  uie  or  bolo  wltb  c 

HeiLvy  Intrenchlntr  tuoi 

IBO  pick  inn. 
4  no  BaDdbaes. 


^verf  Infantry  battalion  rambat  train  carries  lU  mea,  10  plckkzn. 
and  ifl  abort -hand  led  abovcls  supplied  bj  QuarterniaBter  Corn. 
tiJ.  O.  No.  38.  W.  D,.  iniS.I  Every  escort  wagon  aiipiilled  by  Ibe 
(Jiiartermaafer  Corps  Is  wjulpiwd  with  1  aie.  I  plcfcaie.  and  1 
"I'fldt,  Which  In  an  emereency  might  be  Impressed  for  use  la 
intrenthlne. 

<B)   TOOLS  rOR  CATALKYi 

I'ortaMr  tnolia  tnr  paph  CHTnlrr  Irowp — 
8  halchetB.  with  coiera. 


0(  nklah  rnrh  fBa* 


■  trrBcklBtf  t»ols  tor  eiich  reirlinM 


450  saninMEH. 
Every  caralry  »niiii 
._j  .D  _..  ^t-baudled 


Goo^fP" 
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the  regiment.      In   cuaet  of  transfer,  formal  iDTOlcea  and   receipts 

n'bMi  In  the  cngloeer  train.  iDlrencbing-toul  wngane  iind  oalQta  nre 
t  reserTed  for  the  partlcvlflr  renlinents  to  wbkb  they  pertHlnefl 
inr  tn  tranBfnr  In  the  train,  bat  are  to  be  asBignea  hb  clrcnmBtaneea. 
j  seTeral  oiitQtB  may  be  profitably  utilized  by  a 


Binele  regiment. 

126.  Wsrklns  iMiFtt»  ahoatd  be  made  up,  bo  far  an  liosBible.  of 
entire  organ Izstiong.  A  battalion  ahonli]  be  ordered  to  seod  one,  two. 
<ir  tbree  companies :  a  regimeat,  one  or  tno  baltalious ;  aod  a  brigade,. 

The  narty  Is  divided  Into  two  or  more  reliefs,  and  here  bIbo  the 
principle  of  keeping?  organlzatlonB  Intact  appllea.  If  a  regiment  la  to 
Ik^  used  IQ  three  telletB,  each  should  consist  of  au  entire  bnttallOD. 
This  should  be  adhered  to  even  If  It  roakea  reliefs  of  Bomewhat  im. 
equal  strength.  The  total  number  of  PFlvateB  should 
more  than  the  number  of  meu  that  are  !o  be  worked  s 

Rcllefa  HIV  rcKvlated  by  work  rather  tban  by  time.  The  amnunt, 
of  A'ork  to  be  done  by  each  relief  must  be  plainly  Indicated  and  the 
officera  and  noDCOmmisaioned  offlcera  of  each  organ Izat Ion  are  re- 
sponsible that  their  men  do  the  quantity  of  work  aaslEueil  to  th.>m. 
._ — .„.j —  i._g  accomplished  Its  work  it  should  be 

( -nork,  the  organiz , , 

jf  ales,  rilles  Blung,  pass  between  the 
piles  of  tools,  aborelB  on.  the  right  and  picks  on  the  left.  Engineer 
soldiers  at  each  pile  band  toolB  to  the  men  aa  tbeypasa,  each  man 
tnMog  a  shovel  In  blB  rigbt  hand  or  a  pick  in  his  left.  The  corporal 
or  squad  leader  pluces  himself  alongside  the  renr  file  of  hlx  Bquad  and 
one  of  them  takes  a  pick  and  the  other  a  Bbovel.  In  soft  around,  one 
pick   to  two  shovelB  should  be  furnished ;  in  hard  ground,  one  pick 

I'niceedlng:  In  aoltable  formation  to  one  Bank  of  tbe  line  nod  aiJ- 
proachlng  It  In  column  of  files,  the  head  of  the  column  parallel  to  aud 
about  3  yards  In  rear  of  the  rear  cutting  line,  tbe  column  forms  In 
Tioe  to  the  Hank  at  5-fout  Intervals,  the  corporal  aud  the  rear  Qle  of 
each  squad  fulling  out  and  taking  post  In  rear  of  the  aquad.  The 
Interval  Is  most  conveniently  mHlntaioed  by  having  tbe  men  oitend 
the  arms  horizontally  and  touch  bands.  Each  orHBn&atfuo  Is  aaalgned 
to  a  particular  part  of  the  line  and  goes  to  it  and  deploys  ludepend. 
ently  of  the  rest.  If  Ibe  line  Is  long,  guides  should  be  tiiralebed  tq 
direct  tbe  head  of  each  column  to  the  point  wiiere  Its  deploymeut  la 
to  begin.     At  ntght  smldra  Btiut  alnara  be  fnrmliilied. 

Ab  the  men  are  posted,  each  lays  bis  sbov«I  5  feet  behind  the  cul- 
ling line,  parallel  to  It,  and  drives  his  pick  Into  the  ground  on  tbe 
line  at  the  left  side  of  his  task.  RlHes  and  equipment  ave  removed 
and  placed  three  paces  in  the  rear,  butts  of  guns  to  the  ttoot.  Tbe 
corporal  or  squad  leader  and  tbe  last  Hie  of  the  squad  take  their 
places  lb  rear  of  their  respective  squads  and  place  their  eonlpmenCs  In 
tbe  line  with  the  rest.  The  corporal  acts  aa  superlDfendent  or  foreman. 
of  tbe  nquad  during  tbe  work,  and  No.  8  Is  a  reserve,  to  be  put  Id 
When  necessary  to  expedite  the  work  of  the  squad  or  to  tale  the 
place  of  a  man  .who  Is  obliged  to  fall  out  for  any  cause. 

128.  Tulu.— The  eapacltr  of  the  ateroKe  BBlnilDed  man  fer 
eonJlnnouB  digeing  does  not  much  eiceed  81)  cubic  feet  for  easy  soli, 
60  cubic  feet  for  medium,  and  40  cubic  feet  for  hard  soil.  He  will 
do  three^elghths  of  this  in  the  Srst  hour  and  dve-elghths  iu  the  flrnt 
two  hours,  and  the  other  tbrea-elghths  In  anotber  two  hours,  maklug 
on  hourly  averat'e  of  &ve-Bliteentbs  of  the  task  for  the  first  and  tbree- 
sliteenthH  for  the  second  two  hourB,  In  addition  to  the  fact  that  be 
works  but  a  little  over  b^Jf  as  fast  In  tbe  second  t»'o  hours,  fouv 
tours'  work  will  leave  him  unfit  for  fighting  or  marching,  while  after 
ttvo  hours'  work  he  sliould  be  able  to  do  either.  The  quantity  of  work 
assigned  to  each  relief  should  be  that  which  can  probably  be  done  In 


L^MMmap 


relief  than  to  the  » 
wtervala  and    neglevUng   rraetlooa,    the   numiier   or    uonra'    worK    re- 

Julred  to  throw  np  a  parapet  la  the  aectlon  ot  the  parapet  !□  square 
eet  divided  by  B  for  tasy.  4  lor  medium,  and  and  ^t  for  hard  boU. 

129.  PladiiB  the  norlten  and  exrcnllBs-  the  norfe.^The  men 
are  divided  iDto  vrorklog  groups  eoiupoiied  of  those  who  are  to  vrork 
at  a  coinniai]  task.  Urosp  taaks  are  laid  oIT  at  BUeh  Intervals  up  to 
B  feet,  aa  mB;  he  determined  bv  conditions  adectlne  the  wot-k,  aa  time 
available,  tooli,  cburacter  of  the  work,  and  the  soil. 

Begin  work  by  digglnK  downward  bd  as  to  covvc  oneself  from  the 
froht  as  rapidly  as  possible.  CanimeDi>e  Ibe  parapet  In  nocb  a  way 
as  to  make  rapidly  a  maslt  with  a  steep  slope  on  the  aide  oC  the 
workers.  Work  noder  fire  Is  done  at  night.  Tbt'  men  mast  kei'p  abso. 
lute  sllente,  He  down  inimedlatfly  on  ihp  ground  whpn  roekets  appear, 
and  resonie  their  work  when  the  light  has  disappeared. 

130.  Doable  kiukh. — Wbeu  taen  are  plenty,  tools  eearce.  or 
time  preBaes,  a  task  may  be  completed  In  about  two-thirda  of  the  ordi- 
nary Ume  by  detailing  two  men  at  each  set  of  tools.  In  tbls  case  the 
OTganlzatlons  mareh  to  the  t'luls  In  columns  ot  twos,  the  right  file  tak- 
ing shovels  and  the  left  file  picks.  The  two  ganes  change  off  at  fre- 
quent intervals  and  the  men  work  as  repldlyae  pnasllile. 

131.  ShBplnK  botlom  of  tr«ncliei>.— <rhe  digger  left  to  his  own 
derleea  will  miike  the  bottom  of  the  fommunlcuting  trench  concave; 
the  mnd  will  then  settle  (o  the  center,  which  the  men's  feet  will  soften 
and  gradually  wear  down.  When  the  treoch  Is  cleaned  the  mud  will 
be  taken  out  In  a  series  of  boles  along  the  renter.  makloK  walklne 
very  dlOlcuK.  This  la  a  detail  that  should  be  Insisted  on  whea  work  Is 
golD^at  a  high  rate  In  the  Srst  line  and  a  shift  of  workers  Is  on  every 
night.  It  has  been  reported  that  more  men  are  Injured  by  apralns 
than  by  hand  grcnndes  and  bombs,  and  a  sprain  lays  a  man  up  for  a 

or  rounded  upward  Just  like  the  cross  sectloo  of  a  good  road.  No 
other  form  should  be  alloncd. 

i:<'2.  Stnlra  or  ateps  from  the  bottom  of  communlcaHng  trenchm 
to  the  ground  level  are  Important  at  all  crossings  where  possible  .and 
bridges  over  lateral  treni;ii<fa  will  ftiralKh  pra>:eieally  a  roadway  pBra,tlel 
to  the  main  communleallng  trenphes  for  qkp  al  night  or  daring  an  In- 
termission In  the  artillery  bomtiardnients. 

133.  Conn  trm  ell  OH  under  Hre. — The  first  object  Is  to  get  some 
sort  of  cover  as  qulekly  as  possible  for  the  firing  line.  The  Indlvldnal 
men  start  to  dig  pits  for  themselves  Just  where  they  are  stopped  by 
the  Hiemy's  Are,  As  soon  as  may  be  these  pits  are  then  joined  to  form 
a  continuous  firing  trench.  This  trench  may  form  the  aKlmatc  front 
Bring  trench  and  Che  cover  trench  be  sabscquently  dug  back  ol  It,  or  It 
may  become  the  cover  trench,  and  new  flrlnjt  trenches  may  be  dug  in 
front  hy  pushing  forward  at  Intervals.  The  question  of  proper  trav- 
erses for  the  final  trench  should  be  considered  In  the  spacing  of  the 
first  constructed  pits  and  In  Joining  them  up  to  form  a  trench.  It  la 
desirable  to  have  traverses  formed  out  of  the  orlglafll  undlatnrbed 
ground. 

If  the  first  dug  trench  Is  to  form  the  cover  trench,  the  next  step 
after  completing  it  Is  lo  push  fonvartl  T-heads  to  the  front  to  form 
the  firing  bays. 

■"--  -ork  of  digging  „  .    __. 

troops  genernllv  with  their  intrenr&Ing  tools.  Troops  shoold, 
:.  he  well  practiced  in  digging  themselves  In  by  uight  or  day 

line 
_  _  .        -,,  for 

lis  In  addition  lo  Ihe  Intrenching  tools 
■-'■-  number  should  be  supplemented  as 
sbo-^el  avBllable. 


FDtitiigleineBt  Id   froDt  of  tbp  trench,  ea  tbU  flT?B  a 
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It  may  be  necetjsarj  to   wait  uotll  tJurli  tiefor*  a  large  Dumber  ot 

timeH  posEtblp  under  the  i-uvcrlng  Hre  of  artUlerj  to  die  ■  euotiauoUB 
rreneli  bj  day.  Id  any  I'aec  e»ery  effort  must  be  nadt  to  ftt  Bood 
trenchea  ciuB  ft*  aooD  as  poHHible  lUid  one  ol  Ibe  f — -  -"-' ■-  ^-  '-  *- 

St  some  wire  entft--' ■-    "— -'     '  "-      "- 
jllDK  ot  aeiTirlty  I      

During  the  flret  ilay  or  two  the  new  IIdc  will  be  bombarded  hesylly 
B.nd  probably  coDDterattai^ked.  If  the  front  trcneh  In  L-onatructed  In 
tbe  flmt  iDBtsnt'e  very  cloae  to  the  enemy's  llae  It  la  partlcnlarly 
vulnerable  to  counteratUck.  and  if  the  eoeny  sosceeda  In  lirenklOK 
tlirough  the  HDD  at  a  time  when  there  are  do  defensea  prepared 
behind  It  he  may  force  a  retirement  od  a  laree  troDt.  The  con- 
BtrucCioD  of  HUijport  treocbea  100  to  30U  yards  Id  rear  of  the  front 
Hue  and  of  reierve  trenches  eboald  therefore  be  proceeded  iiitta 
aLmultaneoualy, 

..   _._..-       ..  .>,.  .-_-,> ....u  haa  to  be  given  up 

r ^ — — ^    ... ._   -   ^.-,_reii    fortified   line  a 

Qore  eradual  and  concealed  method  of  approach  has  to  be  aaopted. 
I  line  of  trenches  la  ronatructl-d  Id  the  first  place  at  quite  a  die. 
anoe.  aat  EQO  to  800  yards  or  even  more,  from  the  enemy's  frost 
rencl),  the  exact  distance  ilependlDj;  on  tlu>  KrauDd  aod  toe  facUt- 
iea  tor  cover.  Thla  line  la  made  fairly  aCrone  aod  complete  belere  . 
my  further  advance  Is  Bttempte<1.  Then  under  cover  at  darknea* 
<r  foK  and  perhaps  of  a  heayy  twmbardnient  of  the  enemy's  (roat  line 
I  ntw  trench  la  conatructed  at  a  distance  of  200  to  300  yards  from, 
e  further  advapee  Is  usualljr  maile  by^saii. 


rapt  la  n 

dlR  a  line  within  eaay  tearh  of  small  counterattacks,  there  Is  a   .. 
pleted   line  ready  behind  the  new   line,   to  atop   further  progress  by 
the  rnemy  If  the  Dew  Hue  U  coimterattaclied  and  broken. 

t:i6.  Employment  of  rnprlnerrii.. — The  numerical  InsufflcleDC; 
of  engineers  botti  dnrlDg  the  preparation  of  the  terrain  and  dnrlng 
tbe  combat  has  developed  in  more  tlian  one  case  during  the  Kuropeau 

As  sooD  as  the  firat  wave  of  the  assault  atarta,  enjrineer  units  (or 
otber  troops)  ported  previously  sbonld  rotinect  the  paralle!  of  depar- 
ture with  the  enemy's  Brat  .line  trench.  When  thla  part  of  the  terrain 
has  been  crossed  by  approach  trenches  (bpre  will  be  covered  ap- 
proncbea  rl^ht  Into  the  enemy  Unea.  It  Is  not  suffli^eDt  to  give 
general  orders  aboDt  this  matter :  the  attack  order  mast  specify 
accurately  tliat  such  Bad  such  approach  trenches  will  at  once  be 
prolonged  to  the  tonqoered  trenoh  so  that  everjoDe  will  know  Id 
advaDce  and  make  nae  of  them  the  first  day.  These  could  well  be 
uaoi  by  artillery  obeervcrs  who  must  personally  follow  closely  Che 
InfaDtry  attack,  and  tbeo  coDie  hack  tbroDKh  these  treDches  and 
telephone  innlructlons  or  Information  to  their  bntterlea  Id  regard 
to  tile  points  reached  by  (he  infaotry. 


If  n  stronjtly  fortified  place 

^ ^._. B  previously  dlacussed,   bat 

their  employment  Is  ander  condltlona  so  dUTerent  from  those  reaultlBE 

" 1  the  contact  of  two  mobile  forces  as  to  require  separate  treatment. 

t  follows  Is  Dot  i  complete  presentation  of  the  subject  of  alssea, 
— ...   _-  — ..   .... __   —    J   ——h  ensinecring  duties 
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t  the  fiame  time ,. 

Mmes  snd  places  than  ttiOBi 
bCBt  ways  of  doing '"' 


le  stated  for  Bl^tt^s  nltb  morel 


„ itlraly  around  the  place 

_.    .  ^  .,  say,  2i   to  3  mdea  from  its  t 

ot  defense.     This  line  Is  called  the  line  of  1nT«atmpnt, 

Ihe  belt  ot  territory  Immpdlatelj  ontslde  ot  It  occuplal  by  the_^iti' 

□lust  be  occDpled  contlDUOUSly  will  depend  upon  Its  n 

mnat   be  actually   oceupled   or  commanded   as   could 

boBlewd  for  exit  or  entrance.     The  line  ot  Investinent  le  dMdeil  Into 

seetlons,  pretcrably  M  cbusea  that  u  unit  of  command  can  be  asslRDed 

138.  Troopii  naiilKiipd  to  a  section  of  the  zone  of  loveetraent 
lifgin  Ht  oHL-e  tu  reconnolter  It  and  put  It  in  tbf  best  poaaible  atate 
of  defense.  Artificial  or  HpvtapntBl  leutuFei  orr  t>>vpBred 
and  etrengtbened,  iDlreDvliiupiilv  thrown  up  where  required,  coka- 
nmnlenliaiiB  made  and  Improved  through  and  between  aectlons, 
nnii  lelefirraph   and   telephone   lines  established   around   tbe  son^lu 

.,„ 


of  the  ground  Inelde  the  lone.  The  time 
the  Bietre  material  can  be  brought  up  will  p 
work  to  be  done. 


nttack  01 


a  ^eat  deal  of  soA 
pushed  invard  from  k 


few  points  only  of  the  lone  of  inves&ent.  usuklK ^  .,.    .„„.      ., 

side  on  which  these  nrpronchea  are  to  be  madR  will  be  deCcrmluBd  1 
the   tollowlDK  condltlona  : 

(II    The  beat  communication  with  tbe  bane. 

(2!  The  best  terrain  tor  battery  poBltlons  and  approaches  und 
natural  cover. 

<B)  The  most  favorable  ground  for  construction  and  operation 
aleKa  rallWRys, 

(4)  The  aaalPflt  dlBUlng. 

(5)  The  most  Importsnt  conaeqnencea  of  saeresii. 

Tbe  Srst  condition  will  ustmllv  bo  controinnc.  unless  one  of  t 
otherF  1b  prohibitory.  If  the  lone  of  Invefltment  Is  favorable  ai 
ample  siege  railway  equipment  le  available,  the  attack  may  be  co 
ducted  from  points  BomewhBt  removed  from  the  main  terminus  of  tj 
supply  line. 

5Sn    ™,.._   — ._   j_. 1^„   une  of  an   important  fortresa 


t  of 


e  often   t 


Bched  torts. 


.._       ___ fS 

be  tnfcen.  and  durint:  the  operatlMI 
■  must  be  kept  down.  If  two  forte 
naiiii.'eu.  iiio  meKt^  mil  Consist  of  artillery  work  agaiar*' 
rmich  work  against  the  middle  two  Of  these, 
le  front  of  attack  Is  decided  the  main  enslBeer  par) 
out  of  reach  of  tbe  defenders'  artillery,  convenient  to  th 
ted  and  to  the  msln  anpply  line,  and  connected  with  til 
Kood    com  muni  cations.     Ilere    is    asaembied    all    tbe   sl^ 

id    arranged    In    cooveQieat    shape    for   aelectlon   *o 


>.5no  t 


ipply  of  the  batteries. 


v,-@WS5f 
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neeted  b:y  a  bdt  raiirund  ImmiHllaieLy  tn  tUelr  rear,  and  tbe  belt  lino 
Is  cuDnecced  wltb  [lie  main  paili  at  unv  or  more  plaoea. 

forced,  ordloarily  about  doubled,  before  Blege  opcratlotiH  on  anj  I'on- 
Blderable  scbIp  are  underlaken.     The  additional  (orre  will  be  concen- 

...       QBiniy    toward    jtg   center.      ThlB 

'ont  of  operations  are  aometimes 
distlngulBhed  --  * '" — ■"' ' —  ' ' — '-" ' 


1 


of  83  per  cent,  B  per  cent,  and  12  per  cent,  reapecavely,  with  the 
proper  contingent  of  the  Signai  and  HoBpltal  Corps  and  superDumer- 
ary  engineers  aod  urdiiaD<.«  oSrers.  The  total  attacking  force  will 
range  from  £1  to  4  times  the  strength  of  tbe  garrison. 

141.  Thr  DleK'  arllllerr  will  pFobahl;  be  disposed  tn  batteries 
of  i  pieces  or  less,  dispersed  as  much  us  concsntration  of  fire  will 
permit,  and  sited  when  possible  on  the  reverse  slopes  of  ridges  or 
bills,  or  behind  timber,  and  will  employ  Indirect  Ore  almost  ei- 
dusliely. 

Though  batteries  are  invisible,  the  high-angle  Are  of  the  defensii 
win  reach  them,  us  the  cnemy'ti  arilllery  will  Eystfiuatlcally  search 
all  reverse  slopes  within  range,  and  tbe  effect  of  sbells  must  be  local- 
ized by  artificial  cover.  An  emplacement  for  each  gun  will  be  best. 
A  light  parapet  across  the  frout  and  on  The  sides  will  answer.  A  4 
to  1  slope  Is  the  most  convenient  Inclination  of  ground.  IDgnre  122 
shows  a  typical  emplacement  for  siicb  a  slope.  Ample  hombpioof 
cover  for  men  and  reserve  ammunition  should  be  provided,  preferably 
on  the  Sanks.  li'lgnre  121  shows  halt  plans  of  two  types  used  by 
the  Japanese. 

On  Irvel  Krannd  the  platforms  may  be  laid  on  the  natural  aur- 
fai'e.  the  gnns  surrounded  by  a  splinter-proof  wall,  in  which  caaa 
rooms  of  sufficient  size  may  be  walled  off  between  the  guns  to  form 
service  magazines.    Tbe  floors  of  the  magaxlnes  may  l>e  depressed 

sufficiently    to   permit   a    weatherproof   r '      "-    " "-- 

'■■—    —low  the  crest  of  the  wal 

,- pted  before  it  runs  toto  t__  p... 

14:.'.  Pint  psmllpl. — When  tbe  siege  batteries  liave  brought  the 
artillery   Are  of  the  defense  under  control  the  flrst  attempt  to  gain 

to  tbe  line  of  Investment  and.  If  possible,  within  l.ZOU  yards  of  the 
enemy's  main  line.  During  the  day  tbe  outposts  are  advanced  to  or 
be.vond  the  proposed  line,  to  permit  It  to  uc  recocnoltered  and  Its 
bearings  noted.  At  night  the  attack  is  pushed  more  strongly  and 
tbe  enemy  driven  in  as  far  as  possible  for  the  greater  safety  of  tbe 
working  parties. 

tracing  is  begun.  Each  party  constats  of  one  engineer  officer,  one 
n (in commissioned  officer,  and  a  private  for  each  50  yards  of  line  to 
be  traced.  The  outfit  conslsta  of  traclne  tape,  pegs,  mallets,  and 
measuring  rods.      The  tracing  tape  is  of  white  cotton,  50  yards  long, 

finch  wide,  and  marked  at  5-foot  intervals  by  weaving  or  printing, 
t  Is  provided  with  a  loop  at  each  end  to  attach  to  a  stake  or  to 
another  tape.  The  officer  must  provide  himself  witn  a  compass  and 
means  of  reading  It  by  artlBdal  light.  (Eerannalsaonce.)  There 
Bbould  be  a  tra<*ig ^  ' "-   **""  — ""     '  ""-    "   ' -■* 


;  party  Cor  each  SOO  yards  of  Uj 

uiuir  iriii  lie  ut^iit^i,  as  the  time  spent  in  tracing  Is _  „. 

It  will  be  most  advantageous  It  tfie  tracing  can  be  put  throngh  dur- 


.end  the  compass,  bii(  too  dark  for  the  defenders  to  see  tbe  parties. 
The  parties  are  paraded,  outdtted,  and  moved  up  as  cloae  as  possible 
before  dark. 

Tbe  officer,  provided  with  a  description  of  his  Initial  point  and  the 
Trt-arlng  or  courne  of  the  liae  from  H,  proci'cda  to  it,  his  party  follow. 
Ing    In    single    file.      Having   Identiaed    the    Initial    point,    tbe    olB'        i 
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between  his  beels  and  puts  the  loop  of  tbf  .-^^  „. 
Btatlnns  the  necond  sapper  at  th^  front  end  of  He 
the  line    ai  ■  -      -     -     -    - 

^  .„ „.2  second  BL,r—  — 

1  tapes  over  It      Tbe  operatloD  li 

and  conduets  It  to  the  Uae  EDCh  sapper  Uet  dona  at  bla  peg  faclDg 
the  loKlal  point  and  upon  the  arriral  of  the  working  party  aaslBtg 
in  the  eileoBion  alone  his  tape 

ir  the  Are  of  the  defense  Is  not  suffleiently  under  oontrol  it  -will 
he  n  eessar;  to  have  the  outposts  begin  the  flrst  parallel  bf  dicing 
pits    or  sbott  lengths    whieh  can  afterwards  be  eiteaded  to  a  con 

t  be  traced  and  dng  on 

There"  should  be  at  teaa^  three  surh  approaches— at  right   left 

The  tvpieal  trace  of  such  an  approach  ii  shown  In  Sguce  123 
The  liranohpa  or  l«ss  4.B  BL  etc ,  must  hare  a  direction  sach  that 
when  prolonged  tbev  will  dbhs  ODtHlde  of  the  extreme  polnl  on  the 
corresponding  flank  from  which  the  defense  can  bring  Ore  to  bear  A 
leg  will  uRuallT  he  not  more  than  100  feet  In  lenc^h 

The   (rBPloic   of   anprt 
m  detail  tot  little  from  tba 
more    difficult   because  the   line   1;.    _... 
required      Fsch  tracing  party  la  glien  i 
The  tape  la  run  contluUDuslT    and    as  eE 

marker  BtRtionfd  there  cuts  the  tape  9 __„ .... 

back  course  makes  the  long  end  fast  li  a  peg  at  the  cut  and 
Etretebes  the  short  end  In  prolongation  of  the  fornard  course  {6g 
124)  to  mark  the  direction  of  a  return  carried  acrofls  the  end  of  tbe 
back  le>  to  protect  it  from  enfilade  The  return  may  he  from  10  to 
30  varda  long  It  can  t«  prolonged  from  this  short  end  of  tape  with 
out  further  tracing  \pnroaches  so  traced  are  dug  slmultaneouBly 
over  their  entire  length  the  same  as  the  parallel 

m  The  dlKlirluR  of  npproaclieii  nnder  flre  differs  from 
ordinary  trench  wort  in  (hat  It  Is  done  progressively  from  one  end 
and  with  the  men  reaaonablj  protected  from  Are  while  doing  It 
Tracing  la  dlBpeosed  nith  Appriaches  nri'  niuallv  called  aitpB  the 
operation  of  digging  them  asppfns  and  the  skilled  men  ■sppers 
■pbf  end  at  whlcb  digging  Is  In  progress  Is  called  the  aapbead 

So  loDB  as  the  legs  can  bp  given  the  direction  des'  rthed  In  para 
graph  143  cover  Is  needed  on  the  end  and  one  side  only  This  form 
is  called  bIiikIv  snp  \  t'lngle  sap  gaining  ground  to  the  left  Is 
called  a  left-hnnilrd  and  to  thi>  rluht  a  riKbt-hBDdrd  sap  The 
sbovelers  work  right  handed  In  a  left  handed  snp    and  the  reverse 

Whpn  the  sapheafl  la  very  dose  to  the  enemy'^B  line  sich  dirpctlon 
■an  not  be  given  and  cover  1<<  required  on  the  end  and  both  sides 
ThiH  form  Is  called  donhl*'  nap 

Hlnvlr  HBP — \  party  of  one  n  on  com  missioned  officer  and  S  sap 

eers  In  two  relief"  works  nt  the  saphead  The  two  leading  sappera 
OS  1  and  2  excavate  a  trench  41  feet  deep  and  Juat  wide  enough 
to  work  In  throwing  tbe  earth  to  the  front  or  exposed  side  They 
are  protected  in  front  or  on  the  end  of  the  trench  by  a  pile  of  half 
Qlied  sand  bags  KO  or  60  In  number  plied  so  as  to  make  a  parapet 
2  feet  high  Tbe  sand  bag<>  Rhruld  be  smeared  with  mud  so  as  to 
show  the  color  of  the  soil  No  1  kneeling  or  crouching  undercuts 
the  end  breast  a  few  inches  and  biingn  down  the  earth  He  steps 
back  and  No  2  takes  his  place  and  ahoeis  tbe  loose  eaith  out  No  1 
returns    throws  forward  as  many  saod  bags  as  may  be  necesaary  to 
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KuiD  KTOuai],  usiDg  B  fork  or  TulJlnK  Ihom  aver  vlth  bte  baods.  B 
rliea  undercuts  agalii  and  tlie  optTHtJun  Is  repeated.  Nos.  3  and 
wlilen  tbe  tr«ni:h  2  teet  and  mlHS  the  parapet,  also  formlDg  a  berm  I 
to  13  inches  wide. 

Tbe  rate  af  advance  of  a  sap  Is  oalr  2  to  4  feet  an  boiir.  Whe 
bale  a  rard  bas  been  gained.  Nob.  1  and  2  excliaDge  places  and  wbea.. 
yard  la  galDed  Ibe  other  relief  cames  in.  At  each  change  of  rellej 
tbe  men  vbo  were  Nob.  3  and  i  on  the  last  tour  talie  1  and  1, 
CasUHlties  are  made  up  trom  the  waiting  ceiief.  Generally,  udIms 
reduced  to  less  than  4  men,  tbe  detachment  must  worli  wttbout  rein- 
' 1  until  ihe  c—  ' ■- '  ' ■-     -■■-■ 

._     ._  10  feet,     li'inure  1^5  shows  a  pi 

gle  aap.  and  flgure  127  gives  a  perspective  vie 
sap  In  proKresB. 

Doable  aap.^Two   parties  work    paralle 

and  2  ieaving  a  4-foot  tongue  between  them,  »      

3  and  4.     No  widvtilDg  party  la  reiiulted.     Figure 
and  sectlans  oC  a  double  aap. 

To  itrovent  enfilade  the  dlret'tlon  of  _  _ 

riabt    angles    as    soon    as    tht    plunKing    Sre    becomes    loo    anuofinft. 
.^tter  pilog  25  to  30  feet  laierallj.  the  trench  turns  again  to  ihe  front 


working  parl^*  ul  tafantr>'.  25  feet  Id  rear  of  the  aappera.  widena 


H  OL  tt  iei4-iiiuiueQ  sjDSie 

I  to  each  other.  Nob.,  t  J 
hicb  Is  taken  out  by  N«£9 
'Igure  126  abowa  a  plufl 

be  trench  Is  changed  ti     J 


md,   after   baviiiB  advanced  aufflclenOy   to   form 


. ._  __  until  it  reacbea  tbe  original  ]i_., 

direction.     Ii'lgure  128  ahows  the  plan  of  such  a  aap.     It  la 

wDd  piu-nllei. — The  flcst  infaJitrj  poaltioa  estahlighed,  a 
well  advanced  is  the  next  objevlive.     It  U  called  tbe  aee- 

,llel  and  should  be  500  or  (MO  yards  (rem  tbe  enemy's 
._...  _... ,_  ,___.  _.  ...  =_.. jj  ^,„  onygfop 

■ooi  the  flrst.  mas 

though  this  will  be  the  exeimtion.  With  an  alert  defense  the  advance 
from  drst  to  second  parallel  must  be  by  aap.  When  Ihi-  beada  of  the 
saps  are  ahreasl  of  eacb  other  and  on  the  desired  line  the.v  may  be 
turned  toward  eucb  other  and  run  to  a  connection,  forming  the  sec- 
ond parallel,  thoagh,  If  posalble,  tbe  work  abould  be  expedited  by 
eifcndlQir  parties  for  simultaneous  work. 

146.  Third  parKllel.—Tbla  will  be  about  halfway  from  the 
second  parallel  to  tbe  enemy's  works  and  will  in  most  canes  be  tbs 
position  of  assault,  though  sometimes  fourth  and  even  Hfth  parallels 
have  been  found  necessary.  At  this  close  range  attentioQ  is  ni-ceaaary 
to  guard  tbe  sapheads.  which  can  he  done  by  machine  guns  and  rlQe 
Are  from  the  second  parallel.  As  the  saps  advance  the  returns  may 
be   irngtbened   and   turned  eo  as  to   form   deml-parallels.      Tbls   wilt 

advanced  to  repulse   sorties  or   to  take   the  offeoBlve   If  opportunity 

t4T.  Slmaltnnenaii  work.— The  preceding  dlacuaslon  abowa  tbe 
mo«t  systematic  method  of  procedure  with  tbeleaat  losses.  Ilawever. 
if  the  enemy's  artillery  la  fairly  well  under  control  and  If  tbe  Icrraln 
is  at  all  eultahle,  two  or  more  of  ihe  parailpis  or  deml-paralleia  m*y 
be  coDstructed  at  Ihe  same  lime.  Tbls  result  la  obtained  by  scndini; 
worliing  parties  at  oigbt  to  tbe  posltloD  of  the  advanced  parallel  or 
dBml-parallel,  and  lbe«e  parties  hurriedly  coDstruct  enough  c'  •"" 
parallel  to  oblain  sheller  aicalnst  tbe  enemy'*  Are.  DnrlDg  th. 
and  subsequent  Dletata  tbia  parallel  Is  completed  and  the  approL-„ 
'-   '■   --     quickly   constructed  because  working  partlea  •ro  M 

iFtb  and  aflh  pamllrlB. — It  Is  nolle  often  nee. 
t  a  fourth  and  flfth  parallel  in  order  to  maintain  t: 
pbeada  and  protect  the  sapprn 
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The  foregoing  dearriptton  of  siege  norks  embodies  pclnclples  but 
not  complete  practice ;  tbe  latler  is  sceatly  altected  bj  HCddentB  of 
groiiBd.  Figure  12B  Is  s  general  view  of  ttie  trenches  BctiiBlly 
constructed  by  the  .Tapanese  In  the  attaclt  on  Fort  Kuropathln.  Kape- 
clBlly  iDtereatlng  la  the  traverslDE  of  the  mrloe  or  gully  on  the  left, 
which  then  became  a  good  approach.     Such  tavlnea  were  cbaracter- 

n-aa  done  by  tbe  besiegers.  Sometimea  the  tnLVcraea  were  only  planka 
laid  Bcroaa  from  bank  to  hank  with  sandbags  ob  top,  allowing  pas- 
saice  under  th»m.  The  diatancea  between  the  traTerses  and  the  height 
of  the  sandbag  protection  wore  bo  regulated  tbBt  a  shot  grazing  one 
could  not  pass  □□der  the  next 

14».  Direct  advance. — Eventually  tbe  sapbeads  will  be  so  close 
to  the  enemy's  poaltloD  that  elgZBg  approaches  are  not  effective  In  gain- 
ing ground  to  the  front,  becnuee  their  dlrectlonB  are  almost  parallel 
to  the  parallels  In  order  to  prevent  enfilade  from  the  enemy's  posltloiL 
In  this  "sae  the  aap  Is  driven  slraUbt  for  tbe  enemr  s  position  as 
shonn  In  Ibe  traversed  sap   (fig    1241 

When  the  traveraed  sap  is  no  longer  effective  as  compared  with  the 
iround  gained  to  the  front  It  is  niceasarT  to  resort  to  mining  (as 
described  later)   or  to  assaults 
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150  When  the  adianccl  po-ltloni  of  both  sides  sre  close  to  ea.h 
other  there  ensuet.  a  series  of  sonlilitB  which  have  been  dealgnatcd  by 
tbe  term  "  trench  warfare  In  sieges  tbe  forces  In  closrat  contact  are 
tbe  advanced  parallel  saps  and  mining  ratiirlea  on  tbe  side  of  the 
attacker  and  the  Intrenched  position  and  CDantermlnes  of  the  de 
ftndPt  In  extended  Intrenched  frontH  the  (orcei  tn  "loiest  contact 
are  In  tbe  firing  trenches,  saps,  and  mines  and  countermlnea  of  the 

actlcallv  tbe  same 
IvanfCB  m  Bcler 
t  8ebastQpoI    I 

The  eaaenttal  dlltrrroce'  betwien  capture  of  Intrencbed  plac 
and  vletncy  oTer  eirtendert  intrenched  fronts  Ilea  in  the  fact  that  the 

of  an  extended  Intrenched  from 

von  of  a  fortreB«  still  retains  numoers,  looa  ammnmaon  ana  morale 
It  may  be  possible  to  tapttirt  lo  ■al  strong  points  hut  tbe  garrl^iun 
will  not  surrender  as  lone  ai  Its  power  of  resistance  Is  not  broken 
other  atronc  points  to  the  rear  will  be  occupkd  and  the  renlstaaie  ion 
tlDUed  hlmtlBrly  while  thp  natloo  "till  retains  numbers  food 
amm  nltlon  and  morale  It  n  ay  be  poBSlble  lo  apture  local  strong 
points  and  force  the  aban  lonra  nt  of  an  eitenlel  Intren  bed  line, 
but  the  nation  will  not  cease  making  war  ntU  lis  phv  1  al  or  moral 
power  of  resistance  Is  broken  o  h  r  CTtenl  d  Intrenchetl  tinea  tn  the 
rear  will  be  o     upl  d  and  tb     re  Istan  e  rontin   el 

The  objeota  of  tpemeh  wnrtare  arc  thug  twofold  First  to 
capture  lo  al  strong  points  aecond  to  break  down  the  resistBn  e  of 
th    eneiiiy 

The  following  general  prlndDlen   baye   been   accepted 

(a)  Advance  In  the  open  1>  Impossible  against  eni'my  Ore  supe 
rlorltv 

(6)  Advance  by  open  sap  work  I  difficult  agalnat  nemv  artillery 
(Ire     nd  almost  impossible  ■• ■■"■■  "—"  -—  "—       - — 

Boperlorlty 

(d)   An  aaaauit  aBBlnst  1 
effective  fire   of  artfl         ei.,.._ 
en  my  trenches  and  obstacles 


effective 

"if    enemy    has 

p  rtorlt 
artillery 

Bre 

"al/e'  s'heiu'  t"'destroy" 

receded   by 
Bomewhat 

the 
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(()  An  BTtlUerf  curtain  ol  fire  must  be  oiBliitalaed  befond  cap- 
tared  eoemy  trenches  Id  unlcr  to  uHiidt  the  succeHHlul  atUckera  in 
deleucUug  the  captiired  trnncben  agalnat  counter  attack. 

161.  Mobile  ■rniy.— The  Bltuation  on  the  west  front  In  Europe 
Illustrates  the  effeit  ot  having  cnaHBes  ur  tralucil  men  facing  ench 
other  on  a  relatlvelj  short  line.  From  the  North  Sea  to  the  boundarj 
of  Switzerland  the  battle  Hue  extende  over  a  dlaUuce  of  430  lolles. 
The  opposing  armies  have  each  construeled  triple  ilnes  ot  trenches, 
often  Bupplemenleil  la  the  rear  by  a  double  Hue  ut  undergrouiid  Bhel< 


D  mllin<  of  pas- 
cation 


sageways,  aaps.  galleries,  and  zigzagB  afford _-  „ 

between  the  trenches.  To  dig  tbt-BC  field  fortlBoatloUn,  ^„^  o.i.ci. 
and  Germans  are  said  to  hare  removed  about  two  and  one-half  times 
the  eicavation  made  at  Panama.  At  a  number  of  points  the  hostile 
lines  ace  less  than  lOO  yards  apart,  and  grenades  of  all  types  are 
uhhI  in  great  quantities.  There  are  do  Oauks  to  turn,  the  Ones  are 
heavily  covered  by  obstacles,  and  each  side  bavlng  reserves  upon 
reserves,  aappine  and   mining  must  be  freely  resorted  to  In  onler  to 

be  avoided  since  they  lead  to  a  dispersion  of  forces,  reaulting  Id  gen- 
eral weakness,  must  be  somewhat  modilicd  when  enormoua  numbers  of 
. — ,!_....      .__-__j  _-  _  — r.g  ^f  defensive  positions  with 


portance  in  trench  warfare.  It  should  give  complete  knowleilpc  ol 
all  the  elenieats  of  the  hostile  Hoe  and  prompt  informntlon  of  any 
movement  of  the  enemy.  It  Is  effected  by  observation  from  the  gruuud 
and  observation  by  nIrcrafC. 

Observation  from  the  ground  Is  divided  Into  three  echelons  ; 

(1)   Observation  in  front  of  tbe  firing  line  from  small  posts  and 


nz  posts. 

Observation  on  the  firing  line  bv  s 

Observatloii  Id  rear  of  the  flrlag  Hue,  by  artlller; 


n  the  firltig  lib! 


of  tbe  Bring  Hue  la  effected  by  small  pos 


or  listening  posts  (fig.  1)  of  from  1  to  8  men  placed  li r— , 

shot  holes,  orgaulied  shell  craters,  or  In  short,  semlelrcnlar  elements 
of  trencb,  connected  wltb  tbe  Qrlng  line  by  sap  or  low-mine  gallery. 
Their  protection  is  assured  by  their  InvlElblllty.  The  retreat  of  the 
observers  is  protected  by  a  system  of  branch  gallerlea  whose  eutrauce 
Into  the  main  ijallery  can  be  closed  rnpidly,  or  hy  a  barhed-wlre  pro- 
tection placed  over  the  sap.  The  lookouts  in  small  posts  are  placed  In 
very  short  trenches,  whleb  are  provided  with  loopholes.  Protection 
at  short  range  agalnsl  grenades  is  secured  by  a  network  of  wire. 
Observation  on  the  firing  line  is  effected  by  lookout  postH  organized 


preferBbly  at  thi 


'  *    *   with  periscopes,    range    Goders,    and   lar^   scale   ma'pe. 


knowledge  of  the  enemy.  Tbe  posts  shonld  preferably  be  con- 
structed on  the  right  of  a  traverse,  and  Id  an  eicavatloo  in  front 
of  the  trench  wall. 

The  ohiiepTatlaii  poata,  even  of  the  infantry,  are  not  □ecegsarliy 
In  the  llrlDg  line  or  in  the  llstenlag  posts.  Often  in  rear,  points 
will  be  found  which  will  give  an  excellent  view,  and  will  not  anrnct 
the  enemy's  attention.  The  term  "  obaervntorr "  Is  often  em- 
ployed for  this  kind  of  observation   post.      The  observatories  gener- 
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The   obserratoi 


Si 


The  location  of  the  lookout  f 


—rmtlnj!  n  liomharflment.  tbi 
.._...  ...      betomeB  very   dlfllcnlt,   but  I 

uc  <ivi.mil pllnhed  b;  all  posslblE  methodB,  such  aa  : 

(o)    Installing  tplpphones  under  strong  abslfprs. 

lb)  UBtng  lead-covered  cable,  bnrlea  B  (eet  deep,  eBpecIn 
the  lineB  connecting  the  reel  Dim  tal.  brigade,  diTialon,  and 
headgnnrterB. 

{c)  Plaf^ue  rocketa  in  all  sbeltprs  and 
cers  or  noncommlnslnned  offlcirs  are  posted. 

(dl   Preparing  posts  for  visual  signaling, 

and  doHladed  Irom  view  of  the  eocuiy,     Thcsf  yosts  are  eoostmel 

Id  shelters  Rimllar  to  those  for  aearchlighta  and  are  provided  WltP 
horiiontal  loopholes  with  opeolngs  to  the  flank  or  rear. 

The  problem  of  the  telenSooe  Is  one  of  the  most  Important  and 
has  jet  to  be  satlBfactortly  worked  out.  The  allowance  of  appa- 
ratus must  be  great];  increased  nod  s.vstemntlc  organization  of  men 
and  materiel  Is  nrgently  demanded.  All  persons  along  the  Itue, 
pa8scrB-b7,  guards,  and  the  like  mnnt  have  an  Interest  in  maintalDlnf 
the  liDcs  and  keeping  clear  of  the  wire.  Every  noncomnilESlDneil 
officer  should  have  a  few  staples  or  lonn  hooks  ill  Sis  pocket  bo  as 
to  place  a  fallen  wire  temnorarllf  ont  of  reach  of  passing  traopi. 
Artillery  wires  shonld  be  plated  on  one  side  of  the  trench  and  ui- 
fontrj  wires  on  the  other ;  they  must  he  high  enongb  to  clear  men 
passing  at  nlgjit.  loaded  and  wi'ary,  and  at  trench  crossings  the? 
must  be  carefully  protected.  Constant  HiiperrlBlon  and  repair  of 
the  lines  Is  necessary.  Lines  with  too  many  phones  in  series  sIiDtild 
be  aTolded.  Multiply  tbc  centrals  and  reduce  the  phones  on  the 
siune  line  to  three  or  fonr. 

153.  Biitlle-llFliI  llIamliiHtJan  is  a  necessity  wherever  night 
attacks  may  be  expected.  Portable  sfHrebllghtB,  both  anlDiHl  uu) 
motor  drawn,  in  units  up  to  Sfl  Inches,  have  beeome  an  accepted  pan 
of  every  army.  In  addition,  though,  to  these  powerfm  JighK. 
trtncbes  must  be  supplied  with  storaKe  battery  or  gas  rtHectoc  ligliqy 
Bt.ir  bombs,  rockets,  and  flares,  arrEngort  so  that  they  can  be  put  InwS 
action  instantnneoDsly  when  an  enrniy  approaches.  The  entite  foUM 
gronnil  and  obstacleB  muat  be  lUumlnBted,  leaving  the  defenders  mr 
shadow.  If  a  light  Is  used  too  close  to  the  defenders'  parapet,  thif 
themselves  are  lllnmlnated  and  the  light  becomes  a  source  oi  dangejr; 
Flares,  etc..  hove  been  furnlsbcd  in  all  sizes.     (<ome  burn  as  much  m 

thrown  out  to  the  front,  as  Is  a  hand  grenade ;  otlterB  ^e  llred  U 

rockets  from  shotguns  or  smnll  mortiirs,  and  others  are  fastened  ID  S 

■   ee  or  hidden  In  a  pit  well  to  the  front  Iflg.  130).     These  latter  *re 

t  off  by  trip  wires  stretched   close  to  the  ground,   so  that  Kit  ■{>■ 

ichlng  cueniy   will   catch  biB  toot  in   tbcm.     The  beat  illUI^lIIaBt 

.,., ..  V.  ._..  .v-t  ^^[j   be  flrcd  well  to  tbc  front  M^  k 

i-n  hang  suspended  from  an  open  parauCknte 
for  a  long  time.  These  should  not  be  used  In  W 
If  no  other  Unrns  can  be  had.  bonflres  can  be  U' 
r  lighting  by  a  r]ul^k  luatch  niadt  of  Hash  powder. 
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5»ir<MiIiebta    are    tbp    most    effective    (or    battle-field    i 

The  smaller  ones,  about  13  Inizbes,  are  oiyaretyleDe  or  IncandeaceDt 
electric  and  have  a  raage  of  300  to  1,000  yards.  The  larger  ones, 
34  to  30  inches,  ere  of  the  electrlc-Htc  tfpe  and  bare  ranges  ol  2.0O0 
to   B.oon   farda.     They   can   also   he   used   toe   signaling.     The;   are 

6 laced  In  aheltera  Blmllar  to  those  (or  machine  gunB,  located  bo  aa  to 
ink  the  line  ol  Qce. 
IBS.   Some    detalln    at    trencli    wurtare,  .-The    lODK-contlnaed 
prailmltj  o(  opposing  trenches  has  led  to  scientific  development  Id — 
1.  The  use  ut  treucb  bombs  and  hand  ereaadca.  , 

a.  The  use  of  aaphyilatlng  gases  to  conceal   the   advance  and   to   I 
destroy  the  enenty  lu  his  trenches.  -  J 

3.  The  use  of  are,  both  oflenRlvely  and  detenslvaly.  m 

•    '"'- '- -'  -Inlng  a---  .—-.-.-.-  I 

high  eiptoslve  designed  to  be  thrown  by  hand,  hurli        .    .... 
as  a  rochet  or  from  specially  cuiD^tructed  bomb  guns,  or  dropped 
aerial  craft.     Thej  burst  either  by  time  or  perenasfon  tuses.  in 

Improvised  in  a  variety  of  forma,  and  ar '-'  ■ ■ — 

defense.      As   In   the    case    uf    other   bi>i 

material  effect  Is  very  local,  although  d „    _  ., 

Incendiary  Brenades  have  been  used  containing  the  Ingredients  neces- 
sary  for  maklag  the  welding  compound  known  as  tbe/mlt  and.  there- 
fore,   throwing    nioilen    metal   about    upon    bursting.      The    type    el 
grenade  causing  the  most  bavoc  Is  that  known  na  an      aerial  mine  "  or 
"winged    torpedo"    (figs.   131    and   132).     Aerla)   mines  are   usually 
much   heavier   than   torpedoes,    often   weighing  200   pounds,    but   th« 
latter  obtains  greater  aecnracy  and  range,  carrying  a  40-pouiid  pro-<« 
Jectlle  about  500  yards.    Both  may  be  used  lo  beat  down  effectively  thefl 
enemy's  aetensea,  destroying  his  sandbags  and  revetments,  and  cuttingM 
away  wire  entaagiements  and  ether  obstacles.  " 

157.  Baod  srennileB.^lD  addition  to  the  types  furnished  by  tba  I 
supply  departments,  many  good  hand  grnbadcs  can  be  Improvised 
with  materia]  at  band.  Care  must  be  exercised  to  obtain  tbe  correct 
length  of  fuse.  One  Inch  usually  burns  for  one  and  one-fourth  sec- 
onds, but  each  lot  of  fuse  should  be  tested.  Troops  should  be  prac- 
ticed In  tbe  manufacture  and  use  of  grenades  sneb  aa  these.  Figure 
183  shows  a  bomb  constructed  on  a  piece  of  wood,  thus  giving  a  good 
throwing  handle.     Figure  134  lUustrEtes  one  made  from  a  tin  can; 

-.figure  134a,  one  made  of  nails. 

158.  Bonli  acreen. — For  protection  against  bombs  and  grenadei 
a  nrllle  of  wire  netting  may  be  erected  in  front  of  the  treiiohea  biH 
arranged  at  aiicb  a  slope  that  tbe  majority  of  grenades  passlQii  a 
the  seceen  will   also  clear  the  trench    (fig.   130, |    A  space  Is  left   _. 
tween  the  lower  side  of  the  wire  nelting  aod  the  top  of  the  parapet 

to  allow  free  use  of  tbe  rifle.     Of  course,  thin  screen  d —  — • ■■ 

the  use  of  tbe  bayonet,  cur  does  it  permit  an  easy  o(rt__. 

"This  objection   does   not   apply  to   communications,   machine-gun    em- 

156.  SBptilBK  and  inlntaK. — Theae  siege  methods  have  bt 
rled  on  to  ao  eitent  wholly  unprecedented — a  natural  and 
effect  of  the  present  type  of  treoch  warfare.  When  artillery,  e 
■.,  rifles,  and  grenades  arc  used  tor  preparlni;  for  an  alto 


opposing  trencb  Is  w 


1  flalsh  with  c  ...  . 

large  eipeadlture  of  muhllloDS  and  loss  of  life.     Mining,  on  tbe  other 
■ — _   ^ . ,1  — ■.  J  orain  upon  n- —  — ■' '" —   ' —  "-- 


the  drawback  that  It  U  slow  and  restricted  In  Its  application, 
therefore  find  that  this  method  of  attack  la  DSed  igafast  eiceedlngir 
atmog  points  of  an  enemy's  line,  a  aalleot.  a  bulldlag,  or  other  polDt 
held   In    great   force,      Suecesa  depends  wholly    opon    tbe  element   of 
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Hair  Brush   Bomb 
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FIELD  FOaTIFICATIOH. 
Fig.  134  a 

HAND  GRENADE 

Trihon  block  and  one  layer  of   16  ^  nails 
wrapped  with  adhesive  hope.    Wgh.  /^  # 

Cuh  fuse  ho  burn  noh  less  hhon  5 sec- 
onds nor/'=\  more  hhan   8  seconds. 
~fuse  Ijghhsr 


■-ruse 

A  =  Inner  "if/rapplnff  or  adhesive  tape 
^'Oyher  wrapping  of  adhesive  tape 


GtMfJ 


I  ■»  ■■!«  I  Ig        II  la  iBwttB  tku  (^wn  fee  mint  to  Cha  »7 

ar«i3-" — ■ — ~ 
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It  has  been  reported  thnt  the  Frenrh  are  nianntactnrinB  a  ireni* 
grenade  which  llberales  a  chemical  liquid  glvlDg  off  a.  ga.B  that  eidtea 
Che  lachrymal  glandH  and  ImiialrB  the  vision. 

162.  AttBck  on  eutHiisleiiienta. — Regarding  methods  or  ctdbs- 
iDg  wire  entanglements.  It  Is  said  that  a  great  deal  ut  time  and  thongfat' 
liaH  been  spent  on  eiperlments  un  this  matter,  and  various  achemes 
have  bceD  tried,  such  as  carrying  a  roll  of  wire  netting  to  fnrat  * 
bridge  and  throwing  It  over  the  entangle  meet,  figuring  on  the  sprlnit' 
of  the  uncoiling  roll  to  carry  It  over,  also  throwing  sheets  of  eipandeS 
metal  over  the  obstacle,  and  a  rather  clever  mechanical  device,  which  , 
can  be  operated  by  one  man,  and  by  which  nlrc  netting  1b  stretched] 
and  thrown  some  26  feet.  Theee  schemes  are  of  doabtlul  value,  the  , 
material    being  too    heavy   and    cumbersome   to   carry    ~    '" 


enemy's  wire  entongleuients  Is  a  task  totl 
uiLiiicj;  uj  Lui  Eui;  ijjuivjuual  infantryman  with  a  pair  of  hand  clippers. 

le.'i.  GnUFdlnK  at  obatacleii,— No  matter  hon  complete  a  systeiQ, 
of  obstaples  has  leen  established  a  constant  wutth  over  it  muBl  b» 
maintained  If  It  Is  to  fulfill  Its  rnic  sacceBstully.  In  positions  where, 
there  is  a  likelihood  of  the  trench  being  rushed  or  of  the  enemy  sneak- 
ing through  under  cover  of  darkness,  saps  must  be  pushed  forward  Into 
and  beyond  the  entanglements,  so  that  sentries  may  be  placed  well  to 
the  front  in  Ibttening  posts  and  ride  pits.  After  a  sentinel  gives  the 
alarm  and  la  ready  to  retreat  to  the  main  trench  be  closes  bis  conunnnl- 
cating  sap  to  the  enemy  by  lowering  wooden  frames,  covered  with 
barbed  wire  across  the  sap  somewhat  in  the  nature  of  a  portcullis. 
Much  ingenuity  has  been  atiowu  in  conKtruetlng  alarm  traps  and  wire 
trips  tor  the  purpose  of  setting  off  fiashiights.  firing  pistols,  or  ringing 
bellB  upon  the  approach  of  an  eoemy.  Trenth scopes.  permittlnB  a  sate 
view  to  the  front,  are  quite  essential.  They  are  very  simple  penscopsB, 
consisting  of  parallel  mirrors  in  a  long  woodeu  box,  both  set  45°  to  the. 
long  ails  of  tlie  box, 

is*.  RnlltoK  abielda. — These  have  been  made  with  cross  aectlos 
like  a  plus  sign  {  +  ),  the  arms 'being  about  a  toot  long.  These  sbleida^ 
are  about  3  feet  in  length,  so  that  they  ean  be  rolled  to  the  front  hj 
one  man,  giving  him  very  good  protection.  They  are  of  doubtful  yaive 
even  at  sapheads.  . 

165.  Shelter  (figa.  33  and  117). —The  war  along  the  western  front 
has  developed  into  essentially  a  siege  operation  on  a  large  scale,  and. 
represents  the  necessity  for  the  use  of  shelter  under  conditionB  In. 
which  opposing  armies  are  about  equally  matched.  In  the  QrlnK: 
trenches  the  men  are  sheltered  In  dugouts  deep  underground,  each  with, 
room  for  from  3  to  S  men.  Fifteen  to  BO  yards  In  the  rear  of  tha. 
firing  trenches  are  the  rover  trenches,  which  furnish  shelter  for  ati 
least  Iwo-tbirds  of  the  Hrlna  line  and  suiiports.  The  reserves  In  rear' 
arc  rurnished  yet  more  elaborate  shelters,  with  plenty  of  room  foe 
men  to  He  down  and  rest,  and,  wheo  practicable,  bathing  facilities 
ore  provided. 

166.  MnchlBe    tfaau. — The    general    principles    of    tbelr    employ- 

(1)  The  personnel  and  nintiirlel  should  be  protected  from  fire' as 
much  as  possible. 

(2)  In  order  that  they  may  \»-  Bvallalile  at  the  moment  of  attack, 
It  Is  Indispensable  that  they  HUrrlve  the  bombnrdment.  Their  pro- 
'    "  '  therefore  be  speelnlly  provided  far  by  employing  all  of 


io)   l;Jlsperslng  them  mterally  and  arranging  thorn  In  echelon. 
3)   Casemates  must  be  Used  onlv  when  (hey  cnn  rot   be  seen   by 
the  enemy,  such  as  on  the  reverse  slape  or  lu  woods  or  villages. 

(4)  The  great  Importance  of  making  Ihem  Invisible  necessllates  the 
eonetruetlon  of  firing  emplacements  outside  the  shelters,  but  clost: 
enough  so  that  the  guns  can  be  put  in  action  with  the  least  possible 


»«»,« 
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(01   The  flrinp  pnjpliici'moDt  may  he  protected  hy  a  light  n 

very  «llclit  holBht,  or  it  mny  be  entirely  wltliout  overhead  pr ___ 

The  empiflcenicnl  may  i;onfilnt  simply  of  a  pit  In  the  op^n  aold  nlW^ 
■.ted  In  front  or  In  rear  of  tlie  paj-npet.  ana  eonneetnl  with  the  Rbel- 
ter  bv  an  undPFgroand  paHsagc     The  maehlnc  gan  Bhimld  bo  placed 
t  th«  last  monient:  It  may  be  simply  placed  on  the  edge 


o(  the  pit  wltiiiiut  any  protKllon.  but  prereralili  Bhould  be  covered 
ind  wltb  a  gentlp  Blope.     The  pit  EbDuTd  be  carefully  hQili 


Will  Dot  usually  be  discovered  by  the  enemy.  Emplaeeraeots  ot  this 
nature  are  frequPuHy  employed  In  rear  of  tie  firing  line. 

6.  When  the  BrlnB  trenrh  It;  eltaated  on  tbe  reverac  slope  raaeblne 
tniDs  ebould  be  einplacerl  In  concealed  pits  Id  front  of  the  trenctt 
and  connected  with  It  liy  underground  pasfiages. 

(71  The  requirement  nf  Invisibility  makes  It  nereBKBrr  to  conceil 
ftll  ttie  approBcbes  to  the  firing  emplacements  by  making  ttiem  under- 
irruunil  uud  to  Increei^p  the  number  of  emplacement!!  bo  thai  It  will 
not  be  nceessary  to  fire  dally  from  those  to  be  used  In  case  of  an 

(8)  The  emplacement  of  too  many  machine  guns  In  the  first  Hoe 
la  dangerooa ;  in  order  to  stop  an  attack  they  ahoulil   be  echeloned 

.-  ±,. ._    • 1.._   ....puiu    flank   fire  should   be  provided  to 

as  thej'  pQ3h  forward.     Therefore  the 
d    be    d Is trl tinted    between    the    ftrlog 

—    —  — -■,  with  each  emplocement  prepared  In 

&  manner  FHiltalilc  to  the  terrain  and  object  In  view. 

leT.  UmpliiceiiientB  and  Bhelleni  for  ' ■- 

trench  warfare  batteries  of  light  marl 
are  generally  situnted  between  the 
Iilke   maehlne-gun   emplacements,   thi-y 

practicable,    alternative    emplacements 

BtTiicted  near  liy.     The  cmplacementa ,.    

as  posRlble.  and  for  this  purpose  the  eommand  should  not 
than  that  of  the  adjacent  trench.  The  nil''  should  be 
laterslly  and  In  depth  ns  Indicated  for  machine  guns. 

168.  IlppotB  for  matCFlal  and  ammDnltloD.— T' 
of  eallfflles  of  variable  dimensions,  opened  in  the  walls  of 
anil  approaches,  and  usually  lined  wltb  tlmt>er,  Hke  m 
■    ""  '■-  -' — ^  -"■- —  •■ —      They 

BearchllRhls,  flelU  glasses,  maps,  range  floders,  perlscoi 
pistols   and    rnckets.      Tiepots   for   en^neer   material   are 

■taiiMi  In  the  anRles  of  the  approHehea.     I>epfit9  for  wa 

and   sandbags  are  usnally  established    about   20   yards 

bcunOs.  grenadt 


Tight  of  the  eompanj  eom 

u  Inventory 
Bt  the  eorapany  commnnd  pc 
leu.  Umfty     npk^rp     ol 

tr^nphon.— The  difficulties  i 
keep  of  the  reveral  parts  and 
An   exact   and    measored    plai 

trenches   U    here   of   Ineetlmable    value.     The   method    by 
■hould  be  iisi'ct,  tasks  being  asslgni'd  to  small  squads,  dlsL 
800  feet   from  esih  other,  and  all   trt-glnning  work  at  the  i 
—  "-  — "-#  length  of  trench.     When  25  men  are  put  toael 
■  - -"--y  tall  over  each  other  ami  never  f 

itH,  triephobe  BtatloDS,  flr«t-B<d  BtaMons,  tren 

'-    of  dplntlng   water,    latrlnea.    lavatorl— _ 

ii-ted  in  short  covered  trenchM  at  the  angfedj 
r  equipment,  artnklng  water,  rations,  and  lantef^ 
nicoes  ut  thfIoim   eiaea   are   mnBtmcleil   In   I 


of  the  p 
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!.  Ilnal  v;lth  tlml«r,  ore  constricted  In  tbe  walls 


mhealtfafnl. 

-  -  ■-      -"■  T  prolantff'd    iitJi*  di^t^rloratet   not  only   £rom   the 
ru^uij,  uut  also  Iiom  thp  etfetts  of  the  weatter.     They 

jntl}'    be    rppalred.      Walls    which    break   down   muat    be 

revetted.     Firing  banqaettcs  muat  be  eanataally  repaired  wltb  planks, 
faMlnea,    or   other   revetting   material.      Uamaged    parapeta    muat   ba  J 
rfpalrel      BennB  n  uat  be  kept  at  proper  width       Drainage  pits  mtwt'  ■' 
be  wat  bed  e&retiillv  and  kept  cletmai  out      It  re<)n  res  e  n<<taDt  woA    , 
to  keep  trdncbp?  iWn  an  1  aanltary      Any  commander  who  tolernla*- 
lark  of  nork     r  poor  work     nd«r  an;  pretext  Ib  wanting  In  tbc  flnC 
dnty  of  a  comman  Hag  officer 

Wb  D  purta  of  treu  bee  are  captured  steps  m   st  be  taken  Immo 
diatel     to     lear  then    of  iDsei^g  wblt^h  awarm  In  them  and  tranarait 
disease  germs    partlcBlarly  tvphua      Straw  Ebould  W  liicned  In   th*    | 
treni-b"8  and  Rhcltera    aod     11  w     d  Bhou  d  he  wbile»nnbwl 

1  1  Shower  balhji  — Tl  eue  should  be  Installed  In  a  deep  abelteT' 
or  In  a  ave  shelter  A  simple  arrangement  la  to  provide  one  o  two 
kettles  for  heatlne  water  t  bs  or  caakg  for  etorlng  water  placed 
abo  t   9   feet  abo  e   tbe   celling  of   tbe  shelter      The   tubs   —   — ■*- 


.-    .,    _   pipe   Btted   with   aprlnklera    properly' 

spa  vd  There  ahonld  be  a  eratlDg  on  the  floor  and  tbe  bottom  ot 
the  approa  h  shoD  d  bate  a  falilv  ateep  slope  tunarl  a  drainage  pit. 
IT  '  Water  unpplv  This  usuBllv  nelBtB  ut  Heveral  lai^K  caaksi 
filled  I  V  pipea  If  practl  able  otherwise  tbe  wati>r  is  carried  to  theob 
Thero  sbonld  be  an  iDtervnl  of  at  least  1  vsrds  betwten  taska  to 
sToid     r  wding     nil  mui  p  dlles 

ITt  SiBmpoiitInK  tbe  approacli  and  commniilcntliiv 
rpnrhpii  — At  all  eroRBIngB  two  solid  signboards  mast  be  set  Into 
Qe  herm  I  vund  tbe  reach  ot  Involuntar  blows  f  pBEsers  by  ?1iel 
iiosltloQ  la  Important  Whoever  sets  tbem  muat  put  hlm'<elf  hi  the 
pnaltton  of  hotl  lb  passer  b;  Lomlng  from  the  frout  ami  the  one 
coming  from  tbe  rear  and  th»n  arrange  the  6li;Dboa[dg  so  that  n» 
one  can  mistake  Ihem 

Mten  the  big  approach  trenches  are  named  and  ma  ked  only  up 
a  pnrnl  el  h  jond  nhlch  tbey  are  dooblel  or  quadrupled  bv  oth  r» 


d  bv  ot. 

•me 


of  depH -tnre   becausi-  It  torn  b  an  Important  known  feature  or  aien  s 
■n  tbe  trench  system  and  the  terrain 

1  4  Be  ilc^  the  s  gnp<  t  ne  a  simple  rule  prevents  contUBlon  be- 
tween an  approach  trench  anT  all  th  ie  connected  wltb  it  Tl  at  Is 
wbpre  r  tn  re  is  a  croasint  or  n  fork  to  keep  the  bnttn"  nf  ih* 
principal  approach  tren  h  at  12  to  16  'n  h»  below  thi 
■-— -  Iren  h  It  la  thus  clear  that  1.  ,_  _ 
r  the  prln  Ipal  approach  tr  n  b      In  th 

=uB.r  turn  a  few  blows  of  -  -'  ' ' '  ' 

and  s]ggi>st  the  Lontlnulty 

will  save  man     an  error  ann  n^ucn  cohlusioq 

1  '    It    H   ]  *irabie  to  ha      truffle  In  one  direction  only  In  an  ap 
proach  trench,  bo  one  set  is  bnllt   for  brlnElng  troopB  up  from  the 

n     nnothcr  g  nerolly  parollel  for  e     ci  ntlun  or  m     Ing    o  thft 

MoTpmen    In  the  contrary  dlretOoD  shou  I  be  allowed  onlj   by 
apecial  order 

1        An    ppron  h  tren  h  sho  la  n  erel    cross  a  parnll  1  (au  U  as  a 
support   trench)    and   should   not  iiae   even    a    siaal]    portion    of   the 
n  r  II  I  f  r  tl      It      cm  nt     f  i|    n  to  the  [  ont  or  r  nr      The  objec 
nr     that  men  may  make  a  wrong  tl  rn    right  or  Inft    Into  tb* 
p    nnd    hnl  thp  presetii  of  troops  In  the  para  1  1  wfll  Interterj 

D  em  nl  tbroufeh  an  appr  a  h  tren  h  Is  that  ul  Us  most  dlfflcnlt 


mafil 


dvffnltHlT    locatad 

mRad  pOBt  ol  cTety  cap- 

lidht  H  depot  for  w-' — 

.   .1  water-tlKlil  shelto    _.„.  _ 

thpBv  ore  uoedcil  urgentlr  ■ 


hlBh« 


..    _-  --Jiply  depots  with  the 

aiuirt  ba  rwoiiBted  and  Insisted  upon  by  t 

Too  (ilmniiiQd  posts  helnfi  thus  Importaii.  lemci 
Bho]t«r  fac  the  compsDv  (commander,  tbev  muiit  be  i 

lively  supplied  wlfb   certain  HrtleleB,    as   lollowi , 

I....OI    -  T _i.  __j  -iniliee,  a  perlBCope,  aimnle  boi  ot  plKeoDholuu 

th.  and  a  curtain      All  thla  material  mnst  be 
It  [»  built  and  not  distrlbatpd  thp  day  befoi* 


(ormly  aii,d 


n  oiled  r: 


Pla>'«d  Id  t^e  post  yrbn 

\*  A  pad  or  book  of  printed  forme  tor  orders,  requUltlonR  foc^BupplIei 
aud  otbec  ncceBsary  papera. 

nand  posts  may  alao  be  asei  adTHntageonsly  a»  matertaj 


a  where  the  supplies  for  the  troops  will  b 


tan  iDv 

ITS.  l... 
at  firing  ti 


r  hurdle 

le  wall,  QDd  a 


t  a  by  12  feet   ._    _.. 
„ aod  a  bench  for  the  w 

r  Kilciiena.— Theas   Bhonld   be    oonstnicted    In   Bhelten 

e  should  project  somewhat  above  the  top  ot  the  shelter  t 


Sniall  flrea'bullt  o?  dry  wo 
betray  the  position  of  the 


.—These 
._  .asluB  In  a 
trough,  which 


ImproTlBotl  of  tin 

ow.  with  boles  lo  t 

recelvea  nnil  tarries 

gratlQg  for  the 

a  decided  slope 


FIELD  rOBTIFICATION. 
HIiaNG  AND  KXFLOSIVES. 


oppratlons  Inrldent  to  formiD 
pletely  unrtergnjvind ;  to  niacin 
BivPE  and  to  flrlng  sorb  r-barge 


ISl.  MIllMry  mlnlnigr  will  be  bere  ponsiderEd  to  Include  only  tbe 

.1 —   i„jj_..   •^   formlDg   conirounk'Uttfins   or   cbumlicra  com- 

..,.-_  . ...   ciiauibeca  cUarges  of  Piplo- 

OtlTfr  uHeit  ok  t-iDloairWn  la  eDRlneerlng  qnenitlnns  are  more 
comtnooly  claused  bb  blaatliiK  and  will  be  conrtdered  under  dcmo- 
lilfoKB.  BlaKtlng  al90  luclades  Ibe  me  ot  explosives  In  forming 
the  undfrground  apaoea  In  tbe  proceas  of  mining. 

IlBderKPoond  camiDDBlnatlonii  Hre  cla»aed  according  to  tbelr 
directions  aa  BulIerlFti,  whlcb  are  borliontal  or  nearly  bo,  and 
Bhnftii,  wblch  srp  verClCBl  or  oparly  bo. 

Ga.llprlcB  are  classed  according  to  tbelr  elze  as  gn^at  or  Kmnd 
KBllrrlcH.  wblcb  are  6  fc<-t  bifih  by  T  Icet  wide :  comniou  «r>I- 
lerlea,  6  by  3}  feet ;  halt  mtllerlea,  4i  by  H  feet  ;  branptaea, 
3)  by  2i  feet:  and  amall  bPftnchsB,  £J  by  2  fe«t.  Wben  tbe 
formation  of  ttie  ground  permlta,  eartb  aucera  may  be  used,  terming 
bores  or  drill  IioIfii. 

Shuflii  may  be  drill  boles  or  wells,  or  may  range  tn  size  from 
the  smallPHt  In  wiilcb  a  man  can  work,  Bay,  8  by  3  feet,  to  sjiy  stae 

' '  *  '     required,  seldom  more  than  6  by  10  feet. 

, .  — .,,-,.,  jijiii  giia(tB  arp  determined  by  tbe  nae 

ngtb.  and  tbe  minimum  apaee  In  wbleb 
men  can  worlt.  If  troopH  or  guna  are  to  be  paaeed  tbrough  galleries, 
tbey  must  be  made  large  enongh  for  that  purpose.  Orand  and  (com- 
mon galleries  wilt  uttually  meet  these  cequlremeuta.  Galleries  naed 
UDly  to  reach  tbe  proper  point  to  place  tbe  expIoalTe  are  made  of  the 
size  which  In  most  rapidly  diiien  and  eaa  be  auCB<;le[Ltly  ventilated. 
TbiH  Is  usnallv  the  half  gallery.  In  which  men  (an  work  without  too 
mucb   constrBint,  through  which  the   eicavatert   earth  can   be  trans- 

Eorted  by  efficient  meCboda.  and  in  which  reaaonable  Tentllatlon  can 
e  maintained  by  simple  means. 

Uianches  or  small  braQcbes  may  be  naed  when  near  the  objective 
points.  They  are  rapidly  driven  for  short  dlstanres,  2(1  feet  or  bo, 
nut  when  longer  tbe  difflcnitlea  of  digging,  earth  dlaposal.  and  venti- 
lation become  too  great.  When  tbe  soil  permits  the  ase  ot  augera, 
bores  will  usually  he  employed  tor  this  purpose. 

Tbe  qanntitr  of  explosive  placed  at  any  point  is  called  a 
chnrgo.  Tbe  place  prepareil  for  tbe  reception  ot  tbe  charge  is 
called  the  mlnr-  chamber  or  Blmply  tbe  chBm'ber. 

183.  The  ppiinapy  reanisltei  of  BUbterraneous  eicavations  are 
aecBFACr  o(  dlrevtJou,  prevention  ot  CBTfns,  vcnlll&tlont 
dmlnnsre,  and  Ilerhllne- 

The  reetrlcted  apace  usually  requircB  not  only  that  men  shall  work 
In  constrained  posilionB.  but  alsi>  that  apeclal  tools  be  provided  of 
smaller  ske  than  those  used  for  open  earthwork.  A  specUl  tool 
called  the  push  pick,  shown  In  figure  13B,  Is  very  convenient  In 
soft  earth.  Fli'ka  and  abovela  for  mining  are  slnillar  In  form  to 
standard  tools,  but  are  smaller,  aud  bave  shorter  bandiea. 

IS.'J.  Accnmor  of  direction  may  be  aecured  in  sufficient  degree  by 
refined  upplicatlon  of  metbodn  described  In  Reconnaissance.  Tbe 
principal  chnracteriatic  of  underground  BUtveylQg  Is  tbe  nbsenee 
of  daylleht.  All  targets  must  lie  luminous,  and  readings  of  inatni- 
mi'nts  may  be  made  by  artificial  light.  As  a  rule,  tbe  less  llgbt  there 
la  In  the  gnllerj,  other  rhan  tbe  target  and  readlnv  ligbts,  the  better. 

Tbe  bent  tarswt  Is  a  ligbt  ot  medium  atrengtb  behind  a  narrow 
silt,  and  Is  easily  Improvised.  A  convenicDt  lorm  is  shown  In  flgnre 
13S.  The  alit  1b  V-shaped  In  form  and  adjustable  by  rotating  the 
two  aides  about  tbelr  pivots,  so  that  Ibe  innirmiim  oii^fh  ».„  k,>  „i^. 

SoBIed  to  tbe  Intercept  of  the  wire  at  va 

light  will  eaable  the  observer  to  work  d 


^nO^^^B 


■triltfht  lltH'  _.   _  _    , .. __,  . 

■>ti>i>ti>4  tor  tbr  mlbnir  ■•«  It*  teoftb  and  ulnat%  4 
IfnrfllF  ot  Oh  X * — -  ' *  ■" '■ 

Tfc»  trmmmtar  •#  (tic ^ .. 

"*  wM'rji  KUrta  (roni  a  ulurt  !&£.  143K  fram 

'"       —    -   ■    ,,^  flrp.   from  a  I<-tH   irKb  ■  il«<*naiB?  ti 

f  oKvinil  and  third  rBsi'.  which  will  )>p  thp  nilr  tb 

t*  mnbllubFd  tn  tfcp  eaH"T  I^ 

r   t-nni|niiiii    Divru   in    inp    ,™.>i-*-^    _«*        r-    *k»    ,»_»    »*  - 

-»—...    ~r-.,lJ    win    hv    tb#   rxrPDtlDD. 

Knrnti  \tnm  '<1Ie.  143i.     TIw  plumb  Hum  rI 
ilM  tr'io  and  hwavy.  BnnlrDd«f  Ib  wslcr  It  n>  .   ,  ... . 

till'  niirlilng  Bti'iald  b*  done  br  «cralcb»!  on  th?  bpBda  of  nallB  or 
■,  l)iii1nN  (nnalrunlon  thi^  sltenm>Mit  nuj  be  kppt  br  ■  U^k 
^''  "* "•  B»1I"fy  Hbd  th"  rti-TSIIoDS  bj-  thp  B»i_d  l<~  '     ■    t^ 


FIZID  FORTIFICATION. 


0  rlKlit  or  left  at  ■  stated  distance  from  tbe 

IHR.  OrvdlNla  lire  aetermiiied  by  tbe  Held  levpL 

banc™  of  slopes  are  to  be  made  must  be  determined  /i - _.. 

□d  Xhr  neri'HBury  aala  Jtent  In,  sbimlng  the  point  where  the  change 
i  to  be  made  Bad  aeslKnatlng  both  old  and  ntw  Blopea.  In  checking. 
radientfl  should  be  determined  with  clinometer  or  transit.  sli^Un^ 
rnin  one  hortiontul  angle  tii  the  oeit,  If  It  can  be  done.  otherwiBe 
aking  as  tew  RlghtB  as  possible. 

isrs.  i>ivTriitlan  of  eavlu  Is _. „_.      __    ._., 

Is  somellmes  uracclcslile  to^drlve  small  shares  and  gsUeries 


eBvlHK  Is  Bccomcitished  hj  IIbIiibb.     Id  Teif 

practicaWr  "  --' "  ---" "  —■'—'— 

„.. rirlns  thcL. , „ ,  _ ,„.  __, 

agtb  of  time  there  Is  alwafs  daiiHer  of  Ulelr  caving  In,  snd  cspeclntlr 


t  dlstoDiva  wlthont  lining  them  :  but  If  the;  sre  to  stand  for  a 


BO  l(  the  relBhboring  soli  I;;  shski-n  hy  the  explosliio  ot  projpi.tUes 
or  mlneH.  Wbeo  It  Is  considered  BBfa  to  use  tbem,  unllned  sbafts 
should  he  slllptlcal  In  ptau,  and  the  roofs  uf  the  galleries  sliuuld  be 

Eointed  arches.  An  ■  rule,  however,  toth  Bhafts  and  salierk'B  nhoiild 
e  lined.  Those  whleh  are  permanent  In  tbelr  character,  as  the  main 
galierl'iB  <if  the  countermines  of  a  mirmaQeol  work,  are  lined  with 
masonry,  (iailerles  constrncted  durrng  a  siege  are  lined  with  wood. 
'Wovde'ii  llnlnKB  are  of  two  general  typi'S,  kuona  as  caaea,  and 

a  wida  and  not  iesa  than 


Caaea  (hg.  144)  are  of  plank. 

tl  to  B  1 

1}  inches  thick,  ss  a  rule.     The 

The  two  pieces  with  tenons  or 

e  caTled" 

vertically.    The' 


shown  In  the  fl^ 


e  wheels  of  a  gun  carriage  ami  prevent  the  hub 
HtriKing  tbe  stancolons   (flg.  147). 

In  cases  for  smaller  galleries  also  the  tenons  are  sometimes  omitted 

at  Ihe  bottom  ot  the  stanchion",  the  mortl—  "-  "- '  -"■ - 

an   Inch  or  two  riifpiT.   noil   the  sfaochloo 
keys  driven  In  the  mortises  (flg.  146). 

FTBBiea  md  BkeetliiK. — FriineB  are  made  of  acnntllng,  aa  shown 
In  OfTuras  148  and  149  for  sJiafta,  and  150  for  galleries.  Pieces  of  the 
latter  are  named  aa  for  cases,  Sk»tliLB  Is  of  plank,  sawed  to  the 
desired  leuRtb  and  beveled  at  <uie  end.  Sheeting  should  ordinarily 
"    '   '    '  longer  than  the  diatancea  c.  to  c.  between  frames.    Frame 

, 1._  .  .„•.  --..  .u-  1 .t  -J  ..u.... —  ^  .._..     Eoqnd 

,.  -he  tatter 
easy.  The  middle  of  eacb  cap  and  ground  sill,  both  In  frames 
—  ■-  marked  by  a  saw  cut  or  otherwise. 

-    les  of  moderate   size,   ' ^    --" 

e  rapid  and  ^res  a  smooth  Interior.     Cases  lennlr 


tnnee  is  generally  4  feet  and  the  lengtji  of  sheeting  B  fe 
Iff  may  be  nEted  for  frames  anil  also  for  sheeting,  tbongl 
not  easy.     The  middle  of  each  cap  and  ground  sill.  bot> 
nea.  Is  marked  by  a  saw  cut  or  otherwise. 
gBUerleE_  of  moderate   sizp,  In^good^soil,   lining  wlth_  cases  li 

falrfy' 

The  cases  of  branches  nnd  small  branches 
■    V  to  resist  ■        ■ 

planks,  or 


ii  . 
improvised  fri 

The  eases  o;  ...„ __ .... 

strong,  with  a  view  to  resist  rupture  bj  the  eiploslon  of  neighboring 


VoC^^T^ 
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ram«s,  uuil  ■hceMnB.  I 


Cases. 

rr^^i^^^tin,. 

0^. 

ChJO^. 

a 

Grotind 
am. 

<adon" 

a 

ing. 

riu. 

In,. 
3 

rm. 

Iw. 

Im. 

/™.^ 

Sinanbnmches 

ISS.  In  BJnklBK  ■  ahatt  with  traniFa  and  ahretlnKi  ttie  alze  and 
puslCIoD  havlDs  becD  flied.  Ibe  lop  fnune.  distingulBbed  fiom  Cbe 
otherB  by  nrojei^tlons  at  eacb  end  of  eacb-  plei^e  (fie.  140)  1b  laid  down 
(ind  Btnked  In  placi',  wltb  the  scores  on  the  end  pieces  acouratelr  in 
the  desired  azimuth.  The  eicavaltoa  of  the  shaft  la  then  begun, 
making  It  enough  larger  than  the  top  fraiae  to  take  the  sheellDg  alt 
around.  Usual]}'  the  flrst  Interval  t'an  be  dug  wltbout  drlvlna  tbe 
abeetlng.  It  la  uDdercut  go  tbat  at  the  level  of  tbe  secuad  frame 
it  will  be  larger  In  eaeh  direction  than  at  (he  tnp  b;  twice  the 
thlekueas  of  the  sheeting.  Gauge  rods  cut  to  the  length  and  width 
of  the  eiCBTBtloii  and  plainly  marked  at  tbe  middle  points  should 
be  provided.  The  IncouTenlence  of  working  under  the  top  frame 
may  be  avoided  by  marking  the  eldes  carefully  and  digging  the  fltut 
Intcrral  before  settlDg  tbe  top  frame. 

When  the  shaft  la  deep  enouEh  the  seeond  fracoo  Is  put  in  place 
and  nailed  together :  the  notehei  In  tbe  ends  of  the  sldfe  pieces  turned 
upward  and  those  of  the  end  pieces  downward.  Tbe  top  and  second 
frame  are  conneeted  by  nailing  to  them  four  battena  of  proper  lengtti 
(two  on  each  side)  (fli.  151).  which  suspeud  tbe  secoud  from  the 
top  fmme  at  the  established  Interval.  The  second  frame  Is  phieed 
vertically  below  the  lop  frame  by  using  the  plumb  line  and  the  scores 


!  top  frame,  b 


In  the  frai 

The  flbeetlng  Is  liiBeL.__   ... 

jevel  outside,  and  pushed  down  until  its  luu  **.  uuau  »jlii  mv  my 
The  loner  end  of  the  sbeeting  Is  held  out  from  Ibe  lower  fre 
suitable  wedges,  and  tbe  eicavallon  of  the  second   Interval  li 

soil  tbe  sldt...  ..-  -,   . 

refore  introduced  and  pushed 
,    .,      B2),  the         -  -       ■ 

B  the  sheeting  is  Inser 

'•  'be  pressure  of  the  earth  becomes  great  enough  to  spring  the 
IB  planks  Inward,  an  ■iixIIIbtj  tnune  is  iutroilueed.  Thla  is  a 
similar  to  the  ahaft  frames,  but  from  4  to  6  inches  larger  In 
!   dlmenalons   (fig.   1B3).     The   sheeting  rests  directly   against 


one  directly  ovet  the  gsTlery  la  reached.     Care  la  taken  ti,  ,. 

frame  at  exactly  the  right  height,  and  the  shaft  Is  tben  coDtlnned 
to  the  required  depth.  A  frame  la  placed  at  the  bottom  with  its  top 
at  the  level  of  the  floor  of  the  gallery  and  tbe  sheeting  la  alloweif  *<■ 
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rest  dlroFtlv  agalnEl  ttip  oulBlae  of  llilB  fmiae.  When  th 
Bllow  It.  IhB  sher-tljiji  ta  omllted  wholLy  or  In  jiarl  over  1 
of  thp  shaft  whirti  Ix  In  fonii  IH<-  gallery  eotrHOce. 

If  neteBsary  tlie  lowtr  sectloDa  o(  HneeflijE  maj  iie  Bupporleil  t 
Kmnllpr  frames  plecpd  iiiBide  tlie  Inwer  frami>  of  the  precidiag  ve^ 
tloBS  or  li«low  them.     The  ahntt  thus  deoreaaea   In  sljf  from  top  t 

180.  Pr«paalfonH.~lD  Binding  shafts  especial  mre 
taken  to  make  the  eicttTalion  no  liirxer  than  ta  required  for  plarlnirJ 
till!  lining,  since  If  a  vacant  space  la  left  Dutalile  the  llnlnir  the  Bldota 
nf  Ihe  ahaft  may  give  way  tbroueh  Its  entire  lieiKM  and  fall  bb"'- 
the  UnlnB  with  aTjlow  which  will  crush  It  In.  TM»  hat  often 
Hie  potrsc  -iS  Julal  uccidenu  bu(ft  in  Hialla  n.irf  millni-n. 

ino.  Partly  Used  aboltn.  L  e..  those  In  whfeh  the  sheeilng  pIsnkK, 
are  si-iiaraled  from  eaeh  other  by  greater  or  leaa  JnterTaJs,  sbouU 
only  be  uud  for  amall  <tiMpths  and  when  they  are  ^-iLpectPil  to  sland 
for  a  verj  short  time.  Tliej  are  a  constaat  menace  to  the  mlnerg, 
owIH);  to  the  danger  of  their  caylPR  in.  and  In  a  mu<rh  greater  deEree 
to  the  prolmbfllty  of  Htoni's.  etc,  falling  frnni  the  unprotected  parts  and 
serloiiBly  injuring  or  killing  tbe  meu  at  the  bottom. 

IRI.  Drtrlnft  1  KalleTr  with  fraiurii  and  iilieetliis.^If  from 
a  shaft,  the  direction  of  the  gallery  hns  already  been  marlied  by  the 


a  the 

a  two  small  , -_ 

Bctly  by  Bmal)  nails,  one  drlveo  In  tbe  bend  of 


pickets  driven -on  the  Une  of  its  aila,  whlcb  Is  located 
iT  nails.  ---  --—  —  --     ■-— -■  —  -     ■-  -.— — 


_.._    s   prepared,   giflng  tht-  eaireme   height   and 

breadtb  of  tbe  excavation,  1.  e.,  the  height  of  the  frai 
tblckaesaeB  of  top  sbceting.  and  the  breadth  of  tbe  (rui 
thicknesses  oT  side  sheeting.  The  middle  of  each  gnugr 
plainly  mnrked. 

A  gallery  frame  Is  set  up  agalnat  the  aide  nf  the  shnft  ' 


.und  sill  flush  wltb  Ihe  Iiottom  frame  of  the  shaft :  or  its  si 

upon  the  shaft  frame  as  a       -■      ~  ■     - 

Lted  Hud  fssbned  in  position 


may  rest  upon  the  nhaft  frame  as  a  groand  sill.     This  frai 

ftilly  located  nr'  --'  —  ' -—  ^  "-- '  '— " 

haft  sheeting 


i<Sl 


done,  the  top  galler)-  sheeting  Is  started  on  tap  of  tbe  cap  alll  ■ 
driven  antll  held  In  plaie  by  the  earth.  It  is  given  the  proper  i 
ward  pitch  by  a  scHntllng  laid  across  the_outer_endB  and  belddo 


ijy  fastening  to  or  under  the  shaft  frame.  The  aide  sheetlDg  IK 
Rtarled  lb  the  same  way  against  tbe  ODter  faces  of  the  staneliniB) 
and  given  an  outward  slant  by  bracing  the  onier  ends  slightly  ax*** 
from  tbe  sides  of  the  shaft.  Earth  Is  now  eicagated  and  the  abeeci 
log  advanced  all  aronnd.  keeping  the  front  ends  In  solid  eartti  fyt 
enough  to  hold  them  steady. 

tn  tbla  way  the  gallery  is  advanced  one  gallery  interval,  uauallf 
shout  4  feel,  when  a  second  frame  is  placed.  Its  position  is  verlBed 
by  the  score  mark« :  (or  direction,  by  a  line :  for  grade,  by  a  spirit. 
mason's,  or  field  level,  and  for  vcrticullly.  by  a  plumb  line.  II  U 
then  secured  in  place  b.v  nailing  battens  lo  It  and  the  preceding 
frame.  Wedges  are  Inserted  between  the  frame  and  the  sheetluK 
and  the  gallery  is  continued  by  tbe  same  methods.  Wbrn  the  sheeting 
Is  advanced  only  by  haril  driving  the  frames  are  slightly  Inclined  ta 
tbe  rear  at   Brst  abd  are  afterwards  driven  forward  ontil   vertical. 

192.  If.  wbile  advancing  the  sheellBg,  the  pressure  upon  IC  becoHKa 
«o  great  as  to  spring  it,  a  !■■■«  traiae  (fig.  IM)  must  be  uxfi. 

JCbla  consists  of  a  cap  sill,  groand  sill,  and  two  stanchions,  cofti- 
d^..!.^  V ^1...  — .1  . =     -n.^  -t. — ht —  t-„.  tenons  and  thp 


•nd.    Tbe  caj>  sill  is  usnalty  rounded 

_    ^_    -_.. .__     ,._ ^_..    .^    longer 

place  ttj 


le  frame  fa  in  poslliou  iflg.  ISB).  The  fats. 
of  the  same  height  as  the  eommno  (rnoi's  em 
nsed,  wider  by  twice  the  thickness  of  this  ■ 
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e  sheetlDE  i' 
width  or  till 
Bing  the  frflmi:  (flg.  Ifi-!)  tlie  gpounci  Bill  1b  Ilrst  plBCf 
F  in  jioHltEon  at  a  Iialf  Interval  In  advaoci^,  Ctie  etancbloi 
!-ci.  u|i-  Hud  the  cap  alll  placed  iiikih  tbem  and  vedged.  Tlic  wpdib 
frame  Is  then  raised  about  'i  lacbt's  b;  folding  nedges  placed  under 
i-ach  end  of  the  ground  silt,  ami  la  secured  by  battens.  The  aheetli^ 
ivlll  now  rcat  directly  upon  the  cau  sill  and  staoclilouB  and  liBve 
enough  iQCllnatlon  to  clear  the  next  frame  hj  Its  nwn  tblckn^a.  as  !■ 
reyulrpd.  The  neit  tcatoe  is  then  set  □[>,  tbp  wedges  drlvi-n  under  the 
sheeting,  aud  the  false  frame  removed,  which  Is  liaally  clooe,  owing 

If  the  gallery  la  not  started  frnm  a   abaft,   a   steep  working  face 
must  be  obtained  and  the  flrat  frame  ai't  up   find  braced.   In  correct 

St'Ct  to  the  eenler  llni-  marfced  on  the  ground.     The 
ons  are  as  abuve  deaerlbi'd,  except  that  menus  most 
r  ends  of  sheeting  to  give  them  the  neccB- 

[  It  has  tieen  oecessary  in  sfnklnc  the  sha^  to  drive  ttaie  abeetlnK 

•>..  ^^„  , •.„.„  ^j  gullerv  Is  lo  be  broken  out.  the  Mllerj 

c  and  the  ehii-ltng  behind  It  drlvcu  down  nntll 


on  the  side  from  whlpli  Hie  gullerv  Is  lo  be  broken  out.  the  galler 

. ..  ._•  —  I.. ■  (jip  Bhi.'tfng  behind  It  driven  doffn  nntl. 

,       _  „       .  n  edge  of  the  cap  sill  of  the  gallery  frame. 

The  top  gaUery  aheetlog  Is  theb  Inserted  and  partly  driven  as  before.' 
The  shaft  ahectlng  outside  the  irnllery  Btanchlons  Is  then  cut  away 
and  the  side  gallery  abeetlng  Btarted.  The  middle  plank  of  the  Bhaft 
slieeilng  Is  priKed  down  with  a  bar  engaged  under  the  cap  till  nntll 
free  at  the  top,  whpn  It  is  pulled  outward  and  removed.     E^Mvatlon 

Srocceds  through  the  gap  tltuH  made,  and  Us  Che  other  planks  come 
•ee  they  ars  removed.  «  the  earth  runs  too  free  at  any  state  ol  the 
operation  It  can  be  checked  by  short  harUontal  stop  plans  placed 
agalniit  or  Inside  the  sheeting  or  Inside  the  gallery  frame  after  all 
sheeting  has  been  removed. 

1D3.  To  coDllnue  the  galleiT  tn  such  soil  a  ahlelil  (flg.  ISO)  may 
be  used  to  prevent  the  earth  In  trnot  and  above  from  caving  Uto  the 
gallery.  Wben  the  esiflvatlon  at  tup  of  gallery  hne  ailvanced  as 
far  aa  It  1b  Bafe  to  Bo  without  causing  the  caving  to  extend  beyond 
the  top  sheettng,  a  piece  of  plank  a  foot  wide  and  Id  len^h  equal  to 
Ihc  wldfh  of  tne  gallery  la  piact'd  directly    uudcr   the   fop  ahpettng 

'  "  ■■  "■  il  Is  held  In  plate  by  hraccB 

,.  rhe  earth  la  excavated  nntU 
lan  lie  uiaced  In  the  same  way  as  before 
'Kiollnued  until  the'entlfe  face  Dt  eoT^red. 
e  then  driven  forward  and  the  top  plank 

3  In  snecessloH,  as  above  described. 

Hen.— In  very  firm  Boll  side  sheeting  may 
lie  omitted  entirely,  ana  in  that  less  firm  the  aide  planks  need  not 
be  in  contact.  When  the  side  sheeting  Is  omitted  the  width  of  exca- 
vation may  be  reduced  to  the  clear  widlll  nf  the  gallery  nud  the 
stancblonB  be  let  Into  the  side  wall  flush  with  Its  surface.  In  this 
case  the  ground  sills  are  frequently  omitted,  tbe  staCchlonB  resting 
upon  wooden  blocks,  atones,  nr  directly  upon  the  earth. 

To  save  matprlnl.  the  planks  of  the  lop  sheeting  are  aometlmcB 
more  or  less  separated  also.  This  can  only  be  reeommended  when 
rapid  and  ti^niporary  work  Is  required  with  limited  materlaUi,  and 
In  Ibese  cases  the  earth  between  the  planks  nhould  bi  sppported  by 
uacking  of  Bticka,  brush,  etc. 
1115.   Inclined  KsllerleBf— Jf  the  gallery.  Instead  of  Iiclns  horl- 
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Imprncll- 


at  right  anglea  to  the  axle  of  tli^  ^llery  <ng.  15S|,  jind^  this  ii 


■!t    vertically    (flu.    IS 
e  driven   In    the   aami 


me.  Ctasnice  of  Hlopr. — To  pnaa  from  a  horizontal  to  an  aaceud- 
Ing  Ksllpry  {flg,  157)  It  lit  only  heceesar;  to  give  the  top  ahi-etinc 
the  proper  angle  by  holdlnR  down  Its  back  cud  with  a  piece  or 
scantllne  placed  across  the  eallery  for  that  purpose:  and.  to  elve 
the  Bide  sneetlagr  the  proper  inclination,  cutting  trenches  In  the  bot- 
tom of  the  gallery  for  the  tower  plei-es  if  neceBaary. 

In  passing  from  a  borltioatal  to  a  descending  gallery  (Qg.  ISS)  the 
roof  may  be  carried  forward  horliton tally,  and  the  floor  given  the 
desired  pitch  by  Increaalna  the  belgbt  of  tin:  consecutive  frames, 
UDtll  enough  headroom  la  ohtalDed  to  allow  the  top  sheeting  for  the 
di^BcendlnR  siallerv  Co  lie  Inserted  at  the  proper  height  and  Id  the  new 
direction.  The  frame  at  thla  point  la  made  vHb  a  cap  alll  (npoQ 
which  the  Bheetlnir  rests  dh'ectly),  and  a  seiviad  crosapleec  below  It. 
servlne  aa  a  cap  sill  (or  the  dctwendlng  BBllery.  From  this  point  (or- 
waril  the  tramcE  may  be  set  perpendicular  to  tbe  ails  of  the  gallery, 
as  previously  stated. 

If  the  descending  g. 

of  tbe  soil  great,   It  i„,..,    _..   ._ „ 

of  tbe  last  two  or  three  vertical  frames  by  crosspleeeB 
upper  ends. 

1ST,  In    chKBgrlna;   diTectlon   horlsi 
abeetlDg,  if  the  soil  will  stand  for  a  dlBta 

or  even  less.  It  Is  only  ncceniiary  to  place  one  or  more  irumea  ai:  an 
anRle  until  the  necessary  change  is  aeeored.  Tbe  rteetlng  on  the 
DDtsIde  la  placed  by  running  tbe  forward  end  paat  the  frame  and 
then  luaertfng  the  rear  end  hehlod  the  last  bay  of  sheeting. 

If  the  sldea  require  constant  aupport.  tbe  outer  one  may  be  con- 
tinued in  the  old  direclion  until  the  wedge  left  Is  thick  enqngh  to 
permit  the  aboetlng  tn  be  driven  in  the  new  direction,  A  sbort  buy 
may  be  pat  In  to  reduce  the  amount  of  work  to  be  done  (Eg,  Iflll. 
Fcamea  with  eittrs-long  caps  ar'  -"' '— ■   ---'  ■"--  '--'  — 

iu  the   new   direction 


eptlon  In  large  gallerlea  It  la  euHtomfirr 

-'--I  entirely  past  the  turning  point  and 

^  new   direction.     A   sallery  starting 


0  drive  In  the  original  dlrfuiion  entirely  past  the  turning  point  a 


and  Is  reptansiilup 

t&nt  of 


or  nbltqne,  acrordinir  to  the  nn^le  made  hy  Its , 

the  original  gallery,  which  Is  called  tbe  gnUerr  of  depi 

That  the  ri'turn  luay  be  broken  out,  t!ie  Interval  between  the 
frames  (if  the  gallery  of  departure  at  this  point  must  be  such  as  to 
admit  between  the  slnnchlons  a  frame  and  the  Bide  sheeting  of  the 
relucn  {fig.  Iflfi).  This  purl  ol  tlie  gallery  of  departure  is  called  a 
landlnK  and  Ita  Qoor  is  made  borlzo"*"' 

If  the   return  ts  obtlmie   lUjt.   16GI,  .._ „ „ 

gallery  of  departure  will  be  determined  by  un  oWIuue  section,  and 


titlmie   (Uk.   lOQI,  Ita  width  measured  alos 

will  be  determined  by  un  oWIuue  sectloti.  

Kreat  that  tbe  strcnglh   of  tbe  lining  of   tbe  gallery   of 


ary  leosth  of  landing.     .„. 

rat  broken  iiiit  trom  the  side  o 
"  gallery  h   '    "' 


Bide  of  this  return  (ng.  ieT|.  The  latter  mi'tliod  dlmlolshea  the 
length  of  the  landing  when  tbe  change  of  directloB  Is  less  than  45". 
The  floor  ol  a  return  is  atartBd  at  the  level  of  the  floor  of  ita 
lanillnz.  In  flrm  uotls  which  will  stand  for  a  short  time,  without 
support  the  first  frame  may  be  Bet  up  entirely  ontgide  the  gallery 
of  departure  Iflen.  1G6  and  IBTj  and  may  lie  of  the  same  height  In 
clear  as  this  Kaliery.  When  tha  soil  I*  bad,  however,  and  aide  nbeetlng 
la  retiulred  In  tbe  gallery  of  departure,  the  flrst  frame  of  the  return 
taaat  hi>  m>t  up  against  tbla  sheeting  In  the  Interval  between  r*- 
84346°— 17 20 


■OTlpp 


(flc.   le.'i).     TMb  mnkeB  tbe  clear  belBht  *t' 


.        ..    n  tliBl  of  tup  iiallerv  of  depai 

..    ,1  Utile  mnrp  than  the  tblrknepiB  of  the  BheetfiiK.     Wlion  the 

frniDp  or  tbe  retam   !b   set  agnlnBt  tbe  sbeRtlns  of  the   gsUerf  of 
liupsrlufp  It  tnHy  be  pulleil  or  cut  away  topermrt  eicavEdou,  bcglii' 


e  Willi  the  top  plans. 

_. „.  sill  be  piirBllel  to  tbe  .... 

glTlag  a  good  bearing  to  tbe  siSe  sbeettag. 


iirbe'piVreliei  "to"  the  side"  «"a!lB  of  ti)e""n 


] 

i 


braced,  to  resist  tbe  baekwnrd  thniat  of  tbe  earth,  bj  hatteas  ooo- 
nectlnit  them  together  and  hy  struts  acrosH  the  E«ilery  of  departore. 
The  lotter  are  remoTed  when  the  O'turn  Is  snfflclentlj  advanced. 

198.  In  Blnklnv  ■>  alinn  wllh  (tsaea  (Ag.  156)  a  case  of  the 
reqnlred  bIbp  1b  put  together  and  aecnrately  placed  npon  llie  site  of 
the  shaft,  whone  dlmenslona  are  narlied  upon  the  {-round  outnlde  It. 
Tbe  caae  la  ihen  removed  and  the  earlh  enavated  to  the  depth  of  the 
caae.  which  Is  placed  Id  the  excavation  with  Its  top  Snah  with  tbe 
sarfttce  of  the   ground.      lU   ponltlon    ta   carefuUr   verlSed  and   It  Is 

.   . ...„   .. ,.. .,. J  .^      .p^g  eicjivatlon  is 

,  hlch  is  put  in  pUce 
«B  followa: 

One  end  piece  Is  placc4  In  Dosltlon,  the  tenons  of  the  tm>  atdea  are 
Inserted  In  the  mortlaes  at  Ita  ende.  and  the  aide  pieces  are  puebnl 
back  into  imsltlou  ;  u  pocltet-Bliflpeil  eicavatlon   Is  miirle  with  a  pual 

av"lty"tar" 


pick  befond  tbe  end  of  one  of  the  aide  pXefs 


Into  the  Blile  wall ;  the  ri'malnloK  end  plec 
ipondlng  tenon  :  It  Is   then  drawn   back 


both  ends  flttPd  Into  their   mortise 

of  the  pieces  alion-  them  to  be  cHEily  nana  led. 

Tbe  next  case  Is  placed  in  the  seme  way,  care  being  taken  not  li 
excavate  two  consecutive  pockets  at  the  same  corner.  It  is  well  ti 
B11  up  these  poeketa  by  atnOing  in  soda  from  below  before  placing  tb 

When  the  sldea  ol 
by  wedges  at  the  i 
cuttlQB  out  bi'blnd 

Upon  reaching  the  level  of  the  top  of  tbe  gallery,  the  pl«ceB  on 
the  gallery  aide  of  the  abaft  nre  omitted  It  the  ground  Is  Arm.  but  It 
It  Deeds  support  these  pieces  are  put  in  place  and  spcnred  by  cleili 
or  braces,  but  the  tenons  are  pot  inserted  In  the  mortises.  In  Biid 
soil  the  cases  may  be  placed  at  Intervals  (fla.  Jilll). 

ion.  DiivlnB  a  KallW  with  cnnea. — This  Ig  practicable  only 
when  tbe  Bull  Is  somewhat  Ann.  In  breaking  out  from  a  shaft  a 
frame  la  BiBt  placed  Inalde  the  ahaft  to  eoppott  tbe  ends  of  the  shaft 
cases  reBtlne  agnlnst  the  pieces  which  are  to  he  removed.  The  latter 
pieces  are  toeo  taken  out  and  grooves  are  cut  in  the  ■arth    for  tbe 

Sound  Bill,  stanchions,  and  cap  sill  ot  the  gallery,  and  these  are  put 
place  In  a  manner  entirely  snnloenns  to  that  described  for  alnhJns  ■ 
chatt.  This  ease  Is  set  flush  with  the  Inside  of  the  Hbaft  and  auppurti 
the  aide  ple«es.  whose  tenons  reHl  upon  its  Btancbloos.  The  pni]eEttB( 
earth  is  then  cut  away  and  erooves  are  cut  for  tlie  neit  case,  wttM 
to  pUced  In  position  and  «ie  excavation  continued  as  before  ink.  16S). 

If  the  eanery  IS  nut  started  from  u  shaft,  a  vertical  ta<3e  te  de- 
tained and  the  cases  are  placed  ns  above  descrllieil. 

When  tiie  enrtb  ahowa  a  tendency  to  cave,  which  it  freqo<      ^ 
tn  great  gallerlea.  the  cap  nlll  must  be  put  In  position  and  i 
while    the    miner    eicavales    the    groovea    for    the    ground 
atanebloDE,  for  which  purpose  two  cratotapa  are  used.     A 
iOe-   1^<)    consists  of  an   upright   pie<'e  of  timber  carrylnp  * 
piece,  whose  length  is  equal  to  the  width  of  two  cuBes,     The  upFMit 
,   piece  rests  upon  the  ground  sill  of  the  cases  already  placed  and  Is 


PIEID  FORTIPICATIOH'. 


TT/  r 


FlK.  1«S  Fig.  ie6 


ETTBIKXEIl  7IELD   KAinTAL. 


In  Terj  firm  soil  ahatts  aniJ  gallerlrs  are  frenuently  driven,  with 
msGB  not  In  JuitapOBltlon.  but  aeparated  b;  ^renter  or  less  Interrali. 
Pieces  of  plBiika  (wblcb  ma;  be  parts  of  cases)  plnced  vrrtlcsU;  and 
reaCiUK  acaiDst  tbe  sides  and   enda  of  the  cases  In   ebafti.  (i~  ' — ' 


l\ls  In  galleries  aod  Bomewl 


gFHdnallT   made   by   setting  ench   case  a   little   oblique];  ti         .     .  ..    , 

Crf-codlng  It  and  separating  tbe  Btanchlona  on  one  Blue  whtla  th^ 
mth  an  the  other,  supportltig  the  roof  tn  the  wedge-Biiuped  openinga. 
It  necessary,  with  pieces  o£  wood,  etc,  (fl((.  lfl»T.  For  an  abrapt 
change  It  Is  better  to  break  ont  a  reclaaeular  return  from  tbe  side  of 
the  gallery  aad  paEs  from  this  Into  the  require-  '•---"-  ■-  — "--■ 

If  tbe  return  la  to  be  of  tbe  same  helebt  as  tbe  gallery  of  de- 
nBTtnie,  the  cap  bHIb  of  the  latter,  for  a  distance  euuarto  the  width 
of  the  return,  are  IKtnd  off  the  tenons  o(  the  stanchlona  by  struts 
and  wadses  and  the  first  case  of  the  return  Is  set  ns  In  breaSluff  oat 
from  a  shaft:  the  eround  sill  Is,  however,  narrowed  by  the  thleliDeBS 
of  the  Btanchlona  of  the  gailpry  of  depRTture  bo  that  the  face  of  tbe 
case  «f  the  return  Is  flush  wftb  tlie  Inside  of  the  gBllery  of  departure 
and  the  ends  of  tbe  cap  sIIIb  of  tbe  latter  rest  npoo  the  Cap  Bill  of  the 
tint  fuin  of  tbe  return. 

,_._  ^.   _.    .    iiorlzontal  to  a  doBcendlng  fiallery  the  change 
Ily  In  a  manner  similar  to  that  described  for  a 
cuHiigi:  111  uuiiAuiiini  illrecCloQ  {&B.  1US|.  and  tbe  cases  remain  normal 
to  the  axis  ot  tbe  gallery. 

To  pass  to  an  ascending  gallery  by  the  method  above  described 
would  require  the  earth  at  tbe  face  of  the  gallery  to  be  undercut  in 
order  to  mtroduce  the  cnse,  nod  this  undercutting  tcnuld  CDDllniie  so 
lonff  »s  the  easea  were  normal  to  the  axis  of  the  gallerf.  This  con- 
HtructloQ  Is,  as  h  rule,  imprnctlcable.  In  ascending  gallerlcB.  there- 
fore, the  cases  are  set  with  their  stanchions  vertical,  while  their  r-nn 
and  Rrouod  sills  form  steps  In  tbe  slope  ol  tbe  roof  and  floor  '  ' 


sallerj  or,  for  convenience  In  settlhir  up.  the  ends  of  thi 

"■■V  receive  the  proper  bevel  (flg.  155).  wh"-  •■■-  — • • 

mortises  sre  made  parallel  to  the  aide's 


the  proper  bevel  (Sg.  15S).  while  the  Mder  of  the 

■ '1e  parallel  to  the  aldCs  nf  thp  Funnfliiono. 

trklnK The  following 


VIELS  FOSTITICATIOK. 
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>  Four  ul  these  may  be  ansMlled  liboiers. 

■Number  roqaircl  av  commBnoemeDl  nlgBJlery.  Beyond  *  leel 
and.  one  addiilonol  Inr  ovcrj'  20  lect  ot  gallery. 

■  Instead  of  a  truck  a  canvas  bai:  may  be  used.  A  large  hM  or  dr: 
toilrsw  bank  the  earlb  Iram  Ibe  luce  ol  tbe  gansry. 


202.  Ten  I 
feet  wltbout 
tilatine  a   s' 


equipment. 


—A  gallery  can  Dot  be  ilrlvun  more  tlian  tiO 
I  ypntflatlon.  Tbe  only  possible  wftj-  of  ven- 
tb  a    single   upeniug   la  to   tarce  trcsk   air   Into 

—   .. .   .rblch  nuty  be  ilono  throneb  Bi  ^oct  of  wood  or 

diGtHl,  or  tbtODgh  B  canvas  or  otber  boae.     A  prevmrE   blfmrr, 
-■-- '  by  band  or  puwer,  is  amouK  tUa  essential  llenuj  uf  a  miDina 
ent.     For  excafptlons  of  inaaeFs,te  eitenl  a  portable  forgs  nlll 

couveoleativentllatlun:  d«Tire..   11  a.  gaUBrj  iiaiisKtt  UDdw  «ur- 

lace  eover  a  drill  bolt  umkJb  tbrough  tbp  roof  and  bruajiing  the  su»r 
fact  under  prutettlon  oE  the  cover  may  be  used  to  promote  ruutlUtloiK 
In  a  HyiiteiB,  itf  .fciiUerleii.  bDvlnx  two  or  more  oullets,  air  may 
be  cihaosted  from  one  and  drawn  In  through  tbe  utber.  Scieeaa  ae 
doors  may  he  arranKed  to  compel  tbe  disti'ed  distclbution  oE  £reah  ate. 
Vacuum  operation  will  Aevor  l*e  so  satisfactory  as  plenum.  If  there. l| 
CDUHldetalile  diBarenee  of  level,  as  a  abalt  or  rapidly  aaceodlng  iiiillacr, 
a  &n  built  at  or  Dear  tbe  upper  autlt't  will  creaw  a  uurreat  tDrougD- 

in  urgent  casea  a  taaa  may  enter  and  even  work  in  a  guttery  wblcb 
can  not  be  venttiated  by  pcoyldlug  him  with  a  mask  covering  the  doss 
and  tnuulh  and  supplying  fresh  air  through  a  hoBC  or  Itoni  u  rijEctvoir 


military  uinlnM.  1) 


.l-the  lowest  point  and  fl 


t  lliioly  to  li 


r  shows  itself 


mafi 


ENQZITESB   TXELS   UAITTrAl. 


1 


rsBulatfl  the  aloppa  thnt  all  n-otpr  will  run  to  the  montli.     It  thi 
IH  entered  bj  a  Bboll.  a  pit  or  sump  musl  be     tarmed  at  tbe  I 

into  which  water  can  colleel.  ami  froDi  which  It  oau  be  rallied  ., 

mrface  bj  pumping  or  bulling.  A  slope  of  1  per  cent  will  -UBanJly 
RaOlce  for  tlralQDge  It  the  Boor  at  the  galler;  Is  iloped  lateratl;  and  a 
f»lrly  smootb  gatter  toroied  alone  one  side. 

11  an  Interior  low  point  ean  not  be  avoided  a.  sump  mUBt  be  made 
there  and  the  water  carried  out  In  buckets  or  (orocd  out  with  B  pamp. 
For  low  lifts,  20  Ii'et  or  leas,  a  very  elBuient  form  of  hand  pump  tor 
drainage  purposes  Is  shown  Ln  figure  170.  A  vecy  guud  pump  nm;  be 
made  as  shown  In  fleure  ITl.  The  only  materiBfa  required  are  wood, 
leather,  cotton  cord,  riTi>t9,  tsckii,  and  nails.  This  pnmp  will  lift  sev- 
eral feet  without  dilBcultj  in  addition  to  the  uaual  suction,  it  re- 
quires copious  priiulQg  uolfsi'  the  suclier  can  be  made  to  ri'acb  the 
water  at  tbe  l.oweat  point  of  Its  strlki-.  It  Is  usunUy  worked  with  a 
qtrlns  pole  (He.  172), 

20J.  HInInK  lllnniliiatlon. — Owing  <o  the  restricted  dlmenaloDS 
of  the  galleries,  ordinary  lamps  can  not  lii"  usrd  without  tlip  Btmos- 

8 here  becoming  vitiated.  During  the  da;,  hh  far  as  poBslhle,  Bol&r 
c^t  is  used,  deBecIed  b;  mirrors  or  by  panels  whitened  with  lime. 
At  night  Btroag  reflector  lamps  are  placed  outside  the  (callery.  Elec- 
tric light  rendfra  great  service,  especially  at  tJia  head  of  the  gallu?. 
The  mine  head  la  lighted  by  means  of  Incandescent  lamps  led  by  a 
djiuirao  In  the  approiich  galleries.  The  conducting  wires,  protected  by 
tTonghs,  are  buried  in  the.hottom  of  Ihf  treDcb,  Numbers  of  sman 
hsna  Qashlighta  are  found  vnlnable  for  personal  use  by  the  sotdlen. 
BOS.  Th^  mine  cbumbpr  should  be  nearly  cubical  or  a  I'yllnder 
with  lEDRth  about  equal  to  dlumeter.  If  it  Is  to  aUnd  for  some  time 
" 'oBdlng,  or  If  of  large  aUe,  Its  sldPB  and  top  auet  be  supported 


riKures  173  end 
Dsed  by  ramralng  a 

"soe.  A  ml 


S.  Statu 

...  „  mperatnre  and  n 

fl.  Convenient  to  form  tor  pailrtQB  and  loadlDg. 
9.  Obtainable  In  largo  quantltlea  In  the  Dniten  States. 

Th»  tintliaplaed  rxploHlve.  Tritnn.  nteets  tbe  above  Etaodatfl 
nnre  nearly  than  any  other  erplaslve  Imown.  It  mast  be  recognised, 
buwevpr.  that  there  are  many  other  eiplo-ivpH  made  and  uae.l  in  this 
country,  of  almost  equal  Talue  for  general  military  nsee  and  of 
Riperlor  value  for  some  special  purposes.  The  englueiT  reconnslssanc* 
of  any  locality  must  show  the  rominercial  explosives  at  hand,  and 
the  oncer  eieiMitlng  demolitions  must  use  thew  eiploslvpi  whenever 
ttee  permits  tbeir  collncHon  or  when  the  authorised  esploKive  » 
lading.  The  use  of  other  esploBlves  In  this  manner  uleo  sav™  th» 
TBiushle  trlion  for  use  wh*re  the  maximum  speed  o 
««Miitlon  Is  demanded.  CensBquently,  a  fcnowiedge  mi 
ut  the  nntnre  and  properties  of  the  commercial  explosively  eoroioonly 
vaed  la  the  United  States. 

507.  TrltoD—NBtoM-.— Triton    (TriBltrotoli 


«orm   of  crystsls  of  a    tight  yellow   ( 

■■  cryslalB.   compressed   to  a   density  or   i.4«.   are  insu 
the  trItOK  blofk.  weiRhhiK  one-half  pound,  and  1 
■welrtiing  0.4  of  n  pound.     Blach  form  of  trilori  is  Ibbi  .      . ., 
"Via  MCh  ban  a  cvllndricBl  hole  to  receive  (he  detoiiRtlDj 
^   y_    ,.     .  ..    ... —    _.t    .    . 


I  tb«  block  (I 


;^^ 


J 


zzronrxxs  feels  luinrAi. 


U  D  precaution  aRalnst  moigture.  Tlie  pui'poae  of  topperpltttliiE  tM' 
blocks  la  to  prottct  tbe  trlton  rium  niDlslurc  anil  nlao  Irom  ■.braslOD. 
MolHture  vety  much  ceduL^ea  tlie  atrength  of  triton.  Tclton  Is  Tew 
LoBBBBitlve  and  can  be  cut  with  a.  kolte  or  other  steel  loiplement.  It 
doea  not  form  eiploslve  aalta  with  metallic  oxides,  nnd  bums  Id  nmall 
--'-'■'^' —  — '-*- ■--  " without  explodlne.     In  large  quf~ 


titlas   there  Ih  dsager  of  cxpjoslon  if  beat  Id  Buddeul;  appUed.     If 
Itlvo  rurm,  nod  the 


Mnalltva  and  reguirea  a  pawerful'detonatlne  agent.    Tbe  loose  cryatsJs 

It  la  noteworthy  that  . 

detonuii:  compreasod  1. . ,, ^.. 

detonate  caat  triton.     J'oleonous  gtaex  are  produced  o 
are  bo   rapidly   dlSalpatPil   *.n    in  Tw    hurmlmM    In    nnpn 

however,   unaafe  lor   ui..    ^ _ „ , 

ptMent.     If  detonated  undiri^rourid,  carbon  monoxide  1H  formed  a 

DDleaa  this  polsouous  gait  is  removed  by  ventllaHoo,  tSe  men  who  enter 
an  uuderKrounH  workla  which  trIlDU  bna  been  detnoated.  are  In  grave 
danger.  Ita  use  Id  undergrouud  wuilcliiBa  IH  Inodvlsuble,  aad  the  pre- 
cBuUons  required  by  Its  petullur  propsrtlea  inuat  be  taken, 

Triton  la  ahlpped  In  boxen  containing  about  5U  puiiods 
■<  Hlirfa  espliMlve)  dKDKcrouH."  TEeae  boxes  are  to  1 
— '"- pulling   the   nails    with    Very  little  hammering 


vlsorcus  hnnilling' 


eoiiperplattDH  has  little,  If  HJiy,  effect  upon 
~  iwer  of  the  triton.      If  Iclton  la  furnisbed  uDi 


-.  IB  Krupulauily  protected  tcom  motatucc.     Triton 
itonutcaonly  with  the  tetryl  caps  or  detonating  cord.     __     . . 
..  „•  .j.^ II  aetonHte   irituu  In  unopened  bOKca  placed 


tbo  primed 

detcuted  by  the  Bieacrlt>ed  detonat'ura.     It  U  pruduci 
-■*-*^J  "■•.  Unitea  States. 

need  abioad  In   the   French  Army 


liTollte,  and  ii 


—Picric  Dcld  Is  formed  In  cryi 
-  ■     'ly  with 


V  ine1t«  at  rrj'  v.,  and  liurna  slowly 
In  coDUct  with  meiHls  it  forms  highly  sensitive 
tnlllc  it-rati's.     It  Is  ahlpped  in  wooden  boxes  line, 

d[   sllj,'^tly    higher   power    than    triton.      If   heated ^ 

BiploilKi     MLilsture  reducua  the  aen^ttveneas  and  uower  of  pi 


2o£  Onnitvwdpk^-NBtnre.— ThlB  oxploalve,  t. 
of  Bidtl>«fT.  snlphur,  anit  charcoal,  la  sUU  of  aome  lullitary  value 
(or  dcffiolitlona.  It  fun  be  Ignited  by  tbe  mere  application  of  a  name, 
•a  from  a  ligvulnc  fuse  or  miner's  a<]uib.  Water  destroys  (he  power 
of  Kunpowdi'r.  Tkoraattli  tmnplBK  Is  iin  absolute  neceaqlty  for 
BDCCeaatuI  Use  of  gunpowder  In  mluca  or  dumolltloris.  Tbe  power  of 
gUJiunwiler  when  well  tamped  Is  about  ooe-tbird  tliut  ot  triton. 

Value. — Ounpowder  U  atlU  produced  and  Dsed  la  conaldrraMe 
cluantllVia  I&  this  country  and  is  of  eoBSidersble  nllltsry  use  In  Jand 
inliiex  nr  „tK>-f  lotMivBa  where  tjiofough  tamping  la  possible.  Tho 
.>M,'i>.-i>..u    i,.,.|j   uSn^)q|0nl   Kn^illsli  bobblnlte   Is   csaendaily   a   gna- 

\[n  \i,r,.>ciyrerln  EsploHlvrii— (a)  StralcM  dyBRBilto— Na- 
ii.r.         I  1.  .r    :,rc  sold   III    illp   United   States  as  lr>.   'M.    25.   30.    39, 

"  "" "■ —  according  lo  Ibe  pruportliM 

onatltuen"-   — .,..-. .w.- 

■  Fifty  pec  ceol  stnlgbt 


PIBIII  FORTIFICATION. 

"■HsM  for   welglit.      Dynuml 
,,_  ,-  p,-jjer,  of  a^xiiic  0.5  of  a  pouD<J 
.  _    n  wooden  boxen  of  tw       ' 

and  50  pounds.     Forty  ptr  cant   „ 

QuentLy  en  countered.     Tbe  blgber  grades  are  exceptional. 

Direct  contact  with  water  brlnpfl  about  separation  of  the  nitro- 
glycerin, and  tbis  coDStltutea  a  source  of  danger  wben  tbe  explosive 
1»  i]«etl  In  wet  places.  Ita  liability  to  freeze  is  anothSF  BOnmo  o( 
danger.  Very  strong  detonators  aje  reqali-ed  to  eiplods  it  when 
froien.  and  tbuoKb  In  tbla  condition  It  la  fnlrly  loflenaltiTe  to  a  blow, 
breaking  or  cniablDg  are  dUtlncliy  daaeeraUB  operations.     Tbawias 


S^cat  care  In  a  speelallT 
Pt  for  hot  water  (flg.  ''' 
of  nitroglycerin  take  place  during;  Ibawln 


. ^ „   — _   Jng.  this  will  introduce 

Boring  Btorage  it  must  lie  protected  from  dumnness  and  from  beat: 
eieu  Bunllgbt  must  lie  nToldcd. 

VbIhe— Uynomltes  are  of  blgh  power  and  ai'e  readily  obtainable. 
Tbey  are  aensltive  to  Bbock,  deterloriite  in  storase,  and  tre<«e  at 
about -lO"  F. 

(b>  Low  frceslnv  draamKeB^NatB re.— Similar  to  atraUAt 
dynamltea.  «ic«pt  not  troien  at  tetnperaturea  above  3fi*  F.  Bold  In 
the  United  States  aa  80,  35,  40,  45.  50,  55,  and  fiO  per  wnt.  Theae 
percfntuues  repreRent  tbe  proportion  of  nitroglycerin  plua  nltro- 
BubBtltutlon  compound.  Tbe  oHiir  Ingreillcnta  are  aK  noted  for 
atralght  dyuatoile.  The  exact  freezing  point  of  (hpre  dynamites  can 
not  be  exactly  stataJ.     In  praetlea  they  havo  seldom  haen  known  to 

temperatures  as  low  a«  minus  40°  F. 

VBine— Similar   to  strnlgbt  dyn«niiteB,   witli  addi-d  value  due  to 


— 'Blast lug   i^latln    li    compoaed 
_j    .5   ..    .n  .,gf  pg„j  collodiim 
'  mass,  pai'bed  in 
'tralxht  dynamite, 
explosives'  known. 


.   _..  __  ,__   coiiodimi 

H  Jellyltke  mass,  pai'bed  in 
"      than  Ktraixht  dynamite. 


It  Is  not  affected  by  molsmre. 
Vvld-t. — -Ulaating  gelatin  baa  been  largely  replaced  by  tbe  gelatin 
1   reliable  explosive  of  very  hlgb  power,  alieut  3.1 


gelatin  and  thus 

conntry  as  30.  35.  40,  50,  L.,  „. ...  ,„. „ ..„_. 

The  actual  percentage  of  nitroglycerin  In    eacb  of  theae  dyna „ 

is  about  lO  per  ca^nt  leas  than  the  nominal  quantity  given.  The 
other  Ingredients  are  nltrooeilulose,  aodlum  nitrate.  coinbUBttble  ma- 
terial (aulpbur,  fiour,  wood  pulp,  etc.),  and  calcium  carbonate. 
Gelatin  dynamites  are  of  about  10  per  oeiit  \fss  power,  weight  for 
weight,  (ban  straight  dynaiiille  of  Ibe  same  nominal  jjarceBtage. 
aiity  pej-  cent  eelatln  dyaamlte  Is  equal  ti>  trltna  tn  power,  weight 
for  w^gbt.  Freezing  of  gelatin  dynamite  is  a  fanlc  as  In  all  otbet 
nltroglycerlD  explosives.  It  Is,  liowever.  uoalTected  by  water  and  Is  the 
moat  useful  of  the  comroerclal  dynamites,  pspeciailj  adapted  for  nM 
in  tnnael  driving. 

Viilue.~-Qe latin    dynamite    is    comparatively    H table,    adapted    to 

work  under  water.  Is  of  bigb  p '  '~ *  '- ' ...-.— 

Id  this  country. 

(e)    Ammania    dynamite — TJBtnTe, — Tbla  dynamite   la  sold  In 
five  grailes  In  thla  country — .11),  36,  40,  60,  and  HO  per  cent.     The 
nitroglycerin     pins    the    Brnmuntnm    nltcate    In    each    grade    vStISb 
allgbtly  from  the  percentage  given  except  for  the  80  per  cent  gradb   j 
For  the  00  p«  rent  grade   the  variation   amounts   to   about  plus  W  1 

Kr   cent.     The   other   Ingrtdlwals    —    — -" —    -" *''' —    -" 
nate.  snd  cumbusCllile  ualerlal. 


EiitinrEEB:  riEin  luinrAL. 


n.l  cart'  BfauulJ   b 


Valae. — Ammonia  ifyQamllca  are  dlBtldctlr 
mjtea  only  for  une  andiTgrouiid  In  Ihe  prenci 
Their  use  and  Btorage  where  eipoKed  to  rooli 
their  power.     Thoy  are  Daed  eitenBirely  in  coa 

ficatea.  The  law  fredlOB  aninioDiii  dynamites  are  oi  greai  imporiance 
at  the  preBoDt  time.  The  high  prlcH  of  glyrorln  ban  Ifd  to  the  nae 
of  this  clans  at  dyaamlte  vherever  water  Tb  not  eBcountereti. 

(f)   SIivlBBiven  for  nae  in  a-oul  mlnrB  dp  elaewhere  In  tbe 

Sreai^acc  of  pit  BsBea  IcnmincTplfllr  luawn  am  pennlml- 
le  explonlTca) — Bfstnre- — TlieHU  exploafTCs,  forming  a  long  ilat. 
-—  tbOBB  whose  length,  detonntlon,  and  temperature  of  flnmi'  accom- 


psDyiiiK   detonation   will   not   Ignite 


e  Hated  there  la  a  cbarKP  limit  al)OTC  which  detona- 

tlan    is    iiasate.       The    ammonia    dynumliea    are    Inclnded    In    these 
eipkMlvcii,  as  well  aa  other  liynamltva  of  low  nltroglyeeiin  percent- 

lu  this  rlusa.     It  Is  notHhle  tbal  kbd powder,  triton,  itlorii 
blaallns    Kel&tln,    irelKtiii    dyaainlte.    Hud    stiiiEatt< 

very  little  niliitary  alenlfleaace. 

Vttio*.— The  great  eiieni  of  ihe  uap  iit  tliia  group  of 
makes  them  of  military  value. 

atE  explOHlvFH,. — This  L-lnas  of  eipl 


losM^J 


a  a  general  mllitnry  vxpliislve.  Ol  mc  uuiuciuun  lumrLicn  ui 
laxE  the  most  common  ones  cpntain  70  lo  HH  per  cent  aoinii 
iltrate,  with  the  addition  of  combustible  material.  suHb  as 
Deal,  or  nRphthalene.  Amniwiinl  la  a  special  type  of  this 
'ormed  by  a  mlttnre  of  ammonium  nitrate,  alnmlDum.  aod  a 
— —    -■  — inltrotoluol.     AU  of  these   eiploslvea  are  very 


,   the  present  war  bsve 

HO  raised  the  prices  of  glycerin  and  toluol  that  this  class  of  el> 
ploslveH  is  comini;  rapidly  Into  piomtnence.  Ai>  amtuouiuu  aitrate 
explosive  Is  heing  used  hb  a  hnrstlng  charge  for  projectiles  by  both 
groups  of  mmliatnulB  la  the  preHtnt  war.     It  l!^  notable  that  the  oiily 

£ilnt  of  Inferiority  of  aelected  types  of  this  group  for  military  ate 
their  aenaltlveness  to  moisture. 
:ill.  Chloi-Bte  ^xploaiveii— llHlore. — This  group  of  eipioBlvea, 

with  a  hydrocarbon  oil,  are  In  most  forme  sensitlTe  lo  sbocli  and 
dabKcrouB    In    use   and    atorage,     Cheddltea   in    which    castor    oil    Is 

friction,  but  has  the  c]l»nilvantage  of  easily  becoming  hard,  and  Is 
thi'n  not  completely  ilctonaled. 

Spi^nKel  «iiJlfl"lTe«  are  ct. 

safe    by   adopting  the   device   of    Spre; 

separately   from  the  combustible  malti  .      ,_ __ 

— =-  —  '--■>  porous  I'nrtrldgea,  and  a  liquid  combust 
dipp^.^nto^the  latter  Just  before — 


tuCK-o-rupit,   wiijcii    iiu^   iiecu    u^ea    very    ea i.('usiveiT   in   AI 

gonalsta  of  cartridges  of  chlorale  of  potaali,  vrblch  are  dipped  ii 

^—^  uae   IniD  a   combustible  oil.      For   HiIr  purpose    nltrobenz 

,  or   ■'  ilcad    oil,"    which    consists!    chiefly    of   hyUroi'arbonB 

Jar,  or  a  mixture  of  the  two.     The  chlorate  cartridges  »._   .„ 

^ta^small  bags  nf  eotton ;  before  use  these  are  i>laced  In  a  wire 


<f  tbe  two.     The  chlorate  cartridges 

.  ■  ctHT  in 

and  dlppai  into  a  paJi  i 

lid,  until  a  quarter  to  a  third  or  the  weight  of 


jn    up.     The 


ht  *■*  «» 

ntalDB^^H 


FIELD  FOBTIFICJLTXOV. ' 


The  oMwilon  ha?  heen 
tbat  Oie  ImprvgDarloit  Ik  i 
consiMiuently  unrprtablp. 

l-|ilue,^-The»e  eKploslTPs  of  tSp  Spi 


Sprpogd  explOBlves  of  tbla 


s  obtslncd  *» 


1 


p.— This  eiplosiVB.  manufftctnred  bj  Oit 


ders  of  a  density  of  from  l.OB  to  1.2. 
aad  1b  then  hlrfily  lai     — 

wdeht  tor  wclgftt. 


It  (a  about  1.2  times  e: 


Vulne. — Guncolton  Is  ot  blcli  power,  easily  obtalnalile.  bnt  the 
necessity  of  aslng  e.  prlmlne  charge  of  dry  gUDCOtTOD  and  lis  low 
deoalty  arp  dimdvnntnees.  It  1b  us^  abroad  to  some  extent  as  iB 
military  eiplosive  tor  (iemolitions.  ^ 

213.  Siuokelpxs  nawAer—r-Ttntnrr — Thi»  eTploaive,  U8'?d  M 
TOmmnnly  as  a  propeflant  for  projectiles.  1b  liable  to  deteriorate  Is 
storage,  and  Id  storage  mast  be  guarded  from  ignitioa.  It  la  dtfflPtflt 
to  dvtonnt?  and.  na  it  han  n  low  Tvlrfclty  of  dr'tonatluc,  must  bf 
thoroughly  tamped  tor  sucfessfnl  use  as  a  demolition  ngent.  It  h«4 
about  1.2  times  the  power  of  triton. 

Value. — The  large  productlou  of  this  powder  In  tbe  United  Stated 
may  call  (or  itc  UfW  in  emergencleit.  The  same  insttnctlons  gl^eQ  for 
Knnpoirder  apply  to  smokeless  powder.  It  can  only  be  used  effect- 
fveiy  where  thomugh  tamping  is  pneslble,  as  in  land  mines,  ele. 

214.  The-  tormnla  given  hereafter  tor  triton  In  each  case  glvBI 
the  number  of  one-hsU  doiiiiiI  trlion  bloclCB  required.  To  obtain 
the  poiinda  of  the  following  eiploaivOK  tr  -'-  "• '-    — '-' 


■   bloclcB)   by   i 


EipJoslve. 

I-     ' 

Stralglrt  drnainKisV 

(U  well  tamped). . 

1.5 

1 

s 

;S 

Low-freeiingdynaiallei 

(same  as  Sttalghtdyiiaialtes). 

•a 

Gdattn  dynamlMi 

.s 

' 

SmokeKss  powder.. 

(ifwelltamprt)-. 

.43 

te^^k 

w 

id  trom  direct  artillery  Urev 
iiriii'  i^Liwks  fi'om  usase 

ot  powi^vrud  iritou  arouB< 
noted  (or  iriton  and  miuf^ 
ivi^ii  of  all  klndH — 

with  a  QUil  puiter.  pick, 
nsnlwood  aedse  and  ma.ili 

damp  place.    All  explQilrCA' 

4  contululn^  altroglycetin  so  that  tta 
tie  aitn)){lycerlii  Is  more  llkelj  to  IM 
\v  Btund  on  cad  tbau  it  U  wticD  tbey  1 

that  are  frown  or  partly  troaao.     T* 

tie  cl^r 

crdBl  OF  boi^^M 
agBzine  for  ttaaw^ 
old  tbe  quantity   ( 


'.is. 


cam  pipes  in  a 
lea  of  BJtplosWf 
enougti  to 


eipiOBlVca    In 
to  lieat,  fiictic 

eiploalTPS  near 


the  ( 


r  bloiTB  ofal 


package  of  eiploslTea  until  ready  to  uie  Q». 
^iploBivea  carelessly,     Tliej'  are  all  BBcalUvt 


iiud  B>.. 
ii  crlmpGc, 


iiumJic  by  iisiui;  a  ahorl  feng 
[  la  a  adat  galas  off  too  ao 
Jill  to  a  cbar^e  Ibr  at  least 


iupt  to  draw  not  t 
1  9nokcless  powder 
.1  be  kept  moist.     I 


t  be  protected  fi 


>!  direct  obartta  a 


r  ItueQBlUve  and  ri_,_ 

...         ■teriorales  In  the  Tiao 

m  o(  expLuslveii. — Sueb  uperailima      —  ' 

I  by  butalDj^  or  detonattanj 
L.  use  iaflammabie  material  plied  arsDDtf'tl 
t  u  distance  wltb  n  tus''  or  mlacr'a  BtfoH 
destroyed  by  burning.     Tbe  dynamite,'  r*"^^^ 


FIELD  FOSTIFICATIOIT. 

removlns  wrniipcr,   is  bumtMl  in  n  BlmLlac  mftnTn^r  to  that  jngt 


e  ahoald  be  burned 

(mall   maaaee.     All   persons   miut   be   kept   away   T 

)v  BabmerglDg  In  water.     If  no  body  o( 


water  Tb  at  hand  it  ma;  be  tamed  la  small 

Smokeleas    powdeF    la    deatroyed    by    bui'nms    lu    uuiuKruim 
cbaraea,     Eaeh  charge  of  i>aw<]er  Is  Ignited  with  a  titue  tase, 

217.  Detoantlon. — Tb?    detonation    ot    an    explosive    Is    almost 

.«__._i  .._  .t_   jgtonatian  at  a  more  acnaUlve  eiplo»lyc  at 

a  placed  1q  Jnitapoaltlon  with  the  firat  and 
uit^u  i>>  iiii.-i:uauii  HI  niiuclc,  fiises,  OF  electrical  devices.  OrdioBTT 
perRueEion  cap  composition  contaics  a  mixture  at  mercury  fDlminatc^ 
potassium  cblarate.  and  antimony  anlpbide,  to  whltb  powdered  glaai 
may  be  added  Id  order  to  obtain  lacrcnaed  sensltlveDeas.  Tbe  capt 
lor  detonators  are  of  pure  copper,  cylindrical  In  shape,  cloaed  at  one 
end.  and  clmrged  with  an  Intimate  mixture  of  85  per  cent  mercury 
lulmtniite  and  15  per  cent  potasBlmn  chlorate,  Uefonatora  Ore  made 
in  10  sizes,  numbered  consecu lively,  and  contuin.  respectively.  0.3,  0.4| 
(1.54,  0.65.  0.8,  1.0,  1.5.  2.0,  2.S,  or  3  grams  of  the  detonating  miiture 

21S.  WhUe  the  detonation  of  tclton  can  often  he  aecuced  with  otbei 
caps,  partlctilarly  If  a  boosting  charge  of  powdered  triton  la  used 
the  tetryl  cap  ia  necessary  In  order  to  Insure  detoiuttpn.  Thli 
cap  is  fumislied  In  two  types,  the  telpyl  «lectFlc  tiap  and  th( 
tetryl  blHstlns  cup.  The  substance  "  tettyl "  la  the  detouatlni 
auent  in  each  type.  The  word  tetryl  is  an  sbhceTlBtlon  of  the  uii 
wleldy  name  of  a  coniplex  hydrocarbon.  The  tetryl  In  each  type  li 
di'tonated  by  a  small  Rhargp  of  mercury  (almlQcte  The  fulminate  la 
detonated  aa  in  ordinary  blasting  or  electric  caps,  1.  a.,  bf  heat  o 

■lia,  Prtcantlons  Ib  detonation.— Capa  ihnBt  be  handled  witb 
__. ^jjgj  jjgjj  ]^  detonated  either  by  shoct  or  heat.     They 


Sacked  and  bundled  so  as  to  avoid  shock.    Tbe  luBuIatloD 
oae   the   montb   of   tbe  electric   cap  must        -    -       -    - 
Caps  mnat  be  kept  dry.     Avoid  brining  tbe  cap  b 


used  to   Soae   the   montb   of   tbe  electric   cap  must   not  be   Injured. 
"  PS  mnat  be  kept  dry.     Avoid  brinelng  tbe  cap  Into  contact  witb 
;   Biplosive   until   the  laat   practicable  moment    befoci 


_e  pinclied  when   ,_       .    ._   . , 

the  open  end  of  tbe  cap  as  la  practicable.  Crimp  capa  before  Inaert 
Ing  in  eiploaive.     Caps  must  not  be  stored  with  aiploalves. 

220.  F^se. — For  the  Ignittoa  of  tbe  detonator  or,  in  the  case  a 
blasting  esploBlvea  of  the  black  powder  class  for  the  direct  Ignitloi 
of  the  charge,  a  fuse  of  one  sort  or  another  is  used  tflgs.  ITS  to  182) 
In  either  case  tbe  shot  Srer  is  not  eiposL-d  to  the  effects  of  the 
eiplosion. 

Timr  fnae  le  furnished  with  a  nominal  rate  of  burning,  of  3  teet 
per  one  and  one-half  lulnuteB.  Tbe  rate  o(  buroiug  of  each  ahipmeat 
of  fuse  is  to  be  determined  by  test.  Fuse  la  Ignited  hy  a,  match  nr 
fuse  lizhter.  In  igniting  fuses  with  a  match,  the  head  of  tbe  match 
only  glTea  a  high  eaougb  temperature  to  Ignite  the  fuse  wlthont  fail. 

iDStnntanpoiiH  fane  bums  at  a  rate  of  120  feet  per  second.  This 
fuse  is  recognizable  hy  the  red  braid  used  in  its  maiiiifacture.    The 

Srsonnel  executing  demolitions  must  never  confuse  inab 
se  with  the  time  fnse. 
When  It  is  neceasary  to  spUce  different  pieces  of  fUae  of  either 
kind,  tbe  ends  to  be  Joined  should  be  cut  obliquely,  t^are  mus'-  ■— 
taken  that  the  powder  at  tbe  ead  of  the  cut  does  not  fall  ont. 
cut  enda  are  placed  careftilly  in  J nita position,  and  before  clc_._^ 
a.  few  grains  of  powder  should  be  dropped  In  and  compressed  be- 
tween them.  The  splice  la  completed  hy  wrapping  with  rubber  tape 
If  available,  otherwise  with  any  material  at  Lan^  wWch  will  keeg 
the  ends  in  contact  in  tbeir  pmper  posltlou.  It  is  ohvlooH  that  tlH«  • 
splice  must  be  completely  pro      '       '  '     ' 


414 


Eir<mTEEx  Pisxo  itjcsmj. 


y  bo  hranclipd  Into  two  the  game 

"■      '  ■  ■  '  snd  the  samp 

...jiiBiIira  Is  generftllv  more  reliable  Sod    .__ 

■vpnlent  than  delonatloD  with  lanen  The  electrlcBl  current  msy  be 
Ittken  from  flnv  BTSllahlP  sourp,  of  electrical  power  The  blutl^ 
nmchliip  fnnilBhed  will  surely  detonnte  12  tetryl  capi  in  acrieB,     The 

Slandxrd    faloatlDV   mmsilnp    (flj;     183]    generates    2f    

at  45  tfllts  nlth  ordinarily  Tlgaroiis  uae      The  Ifad  wires 

run  are  caretolly  Joined  to  the  lead  Wire  from  the  blaatlng  

.1  char^a  nrcd  eleirtrlcsU^  are  to  be  cannectPd  Id  Brrlpia,  larg^ 
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fUBtaDtaneouR]^ 


_t  eJeclrlMl  ronducttira  or  even  trm 

it  relation  of  th«  cirenit  for  large  charges  mm 
Ruted  The  tetrvl  blnetlng  cap  with  12  toC 
:Bnoe  of  1  S  ohms  and  requires  a  cnrrent  0 


I  Irtton      This  cnrd  is  nsed  both 

I  a'  s  mnsni  o[  BieuriDtt  iDBtsntai 

haPcet  The  cnrd  Itoelf  miiat  be  A 
ipltoo  blOPhs  ITU  BtrODg  on  the  oWi 
relv  throuEh  the  trtton  Dior*  wttli  H 

-   ■ ■"■      ■    ■  ■       n  the  detot»<P 

er  the  elMtl 

■d      After  t 

s  along  It  practlni 
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1  nllt  a 


. a  knife  o: 

dMonntlng  wave  : 
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_  _„  ._      FIcures  1S6  to  ISBa  a 

eonvct  method  of  contiectlng  up  a  i 

3^i    IndlI(^cd  detonatlan  In  ol   >hiub  iu  b 
detonation       This   Is  dme   bv  placltig  a  blastli 
"   "         and  detonatlne  thio  by  means  of  the  mi 
a  charge  detnnatid  niarbv       ^Ir  will   car 
i._ •log  diet  antes  depending  o 
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«u  nrsmsa  nsui  vuniAL. 

llKin*  trom  the  inalili  uilKhl  Im  cnrrteil 

lpcl«d  sppQ  Dinulb  lit  '.o>'  ijf  tbfl  ™p«  ■ , „  „_ 

flnai  pU-17.  rf||Dr»  JHH  ■haWR  thP  une  of  [Qduced  detonBtloD  Is  mt- 
llnB  a  uvnibcr  of  pgaln. 

neura  [80  tbotm  the  um  dI  Induced  di-tooBtioD  In  cutting 
Iwr  uf  alni'l  IlH'nm  ulrlnKcru, 

Jaiirirnt  iIifliiTiatinn  of  ptmrKM  irnltm  pniiBll)ln  the  BrtaageiDPDt  of  s 
■linD[iRii>'i,ii<i  di-i(.iiiii]i-,n  wilhijiii    tli«  use  i>(     ■■' —  " 

oarii:  .,   ri,,  'r.jll  .rr.-it  of  thcTipTwiinr'N^pi^Sa- 

tuli.y   •'■  !■    I'-'l   In   tbe  oiiglnBl  nnwencd  wooden 

coi'l;iii I  I  I'    II   l,.,y  of  IrltoD  that  Is  then  detonated. 

COUMaluii  lyu  lilunkt,  ur  !ii  liuuadti.  of  irltoo.  wrre  detonated  b;  tba 
dftonatloa  M  ou«  Iwi  iManatHl  with  oim'  tetrjl  cb[>. 

22B.  InprOflitMl  neiiTi*  to  attain  dntonation  of  certain  eiptodvcB 
eta  oemalonalJr  M  naod.     Tor  Instance,  one  of  tlic  maal  useful  ezpe- 

Srnilo  la  xhowri  In  ll«Tire  1»1.  H?re  a  vcri-lcp  canrldRe  wltb-  Sa 
Ulli't  I  '  r,.M  r.  I  ;     ,,  '  .1      The  cap  end  of  the  abell  Is  sested  deeply  ta 

till-  'Lrr 11 1.r  taken  from  the  shell  la  formPd  In  a  (ran  ^ 

*■  "III.-  ■■  I  .  ■  .  I  III'  train  of  powder  with  a  mKtcli  leada  f~ 
till-  'III'       II  ™p  anil  aynamlte.     Dynamite  of  *l)i,U 

•i'i<\.  ji."i.,-,".,ri,,r."  ':•:  I  ,'iil-iKlveii  other  than 'trfton 
Id  a  BlmlKir  ijiiinn,T  ti.  that  k!v-q  for  trlton.  to  R 
iwwptrul  di'tonatora  oliiulOHble  should  he  UHed.     xhe 

OBtonatori  Incri'aiioM  ihe  powiT  ot  the  detonation  at  i . 

Inlxt  a  No,  fl  detonating  cop  should  be  uaed  with  kll  claHSes  i 

Z-ii.  NlmallsneoDK  Iffn Ulan..— When   a  total   blast   laJW^OaAl 
Into  B  numbee  of  chnrgPH  It  In  Important  that  alTUliuuld  if  at  tlM 
same  Instant.    Thin  trill  not  be  eoxy  with  time  fuAXund  thaTmetkod 
■will  not  be  used  unlenB  absolutely  neceBimry.     If  It  ItJiBed,  certalo  pM- 

lald  that  th"  total  length  from  Ihe  Ilring  point  to  cMitQMk^  ^H  tM 
tbe  aanie.    It  Will  be  belter  to  uhi'  time  fune  to  a  nB^M^Nnt  new 

10.^  Bboff  typical  HctanHiuneiita.    Tbe  fuxe  need  not  b»ta»^^ht  llne^ 

reach  anji  part  Id  front  of  It.  Thoueh  not  abHOlntelj;  necesBary  with 
iDStantaneoufi  fuse.  It  Ih  well  worth  while  to  make  dllTerent  llnea  as 
nearly  equal  In  lengtli  as  poinlble. 

In  HimullaneouB  Ignitions  by  electricity  the  fuses  are  connected  In 
■erlCB)  that  Ih  to  nay.  tbey  are  all  placed  in  the  same  circuit,  flgnra 
194.  A  lead  from  tbe  flrlng  :ipparatU9  Is  conncctMl  to  one  wire  of  a 
fuse  on  one  flank.  The  other  wire  of  this  fuse  la  connocted  to  a  wirs 
of  the  next  rune,  and  «ci  on,  until  the  last  fUBp  is  reachprt.  the  second 
wire  of  which  la  connected  back  by  a  lead  to  the  flrltigDolnt. 

Figures  1117  and  IDS  show  melhodB  ot  Jointing  wires'  the  former, 
*—  temporary  une  as  a  lead  to  a  fuse  wira,  the  latter,  for  more  per- 

lent  ii*«'.     The  (UiidH  of  the  wires  mu-tt  always  be  brlghtaoeq  by 

scrsplnB  with  ft  kolfe  or  otherwise  To  tpsulaliK  WFap  iSth  robber 
tape,  lapping  well  onto  the  Loverlng  In  both  dlreetlona 

*""■    —-■—■--      f ""  1-  t-.^^ip,]  In  a  cartridge   uiually  called 

__.  _      .      .       flsde  Btrein  lo  use  of  eTploal»e« 

•tiWip  and  nrlmer  miiRt  bp  kept  »rtf«etl>   Arf.     If  but  caie 

iner  Is  nseif,   It  should    be   placed   near  tbe  center  DI  the   charge 

IJ!.  „_  _. ..  .i..._.  „,  ^„g  edarge "  ■•  * <"  ".-» ■- 

e  placed  In  a 


FIEID  FOETIFICATION, 


mb 

Kb 


bm^ 
bmi; 


C  Chanel  with  open  delanaiorv  for 
a&rT^yin^  over  iie£t7m%it*Jn. 
in  rfnainii  Timber fbstibi/hductd  Oth"ah 


Detonation  c^  So  Boxes  of  Triton. 
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mroiNEEB  nsLD  uakual. 

Figure  l!i5  appUeG  to  cape  fired  by  trntn  fuae  and  n 


1 


oue-el(;litb  to  oDi>-[aunh  inch  of  tbe  ciip  cane  abuve  the  surface  of  tlie 

-' "  '■■ ■rom  tBlElns  fire  from  the  apBrlu 

^   jetore  the  fnee  gties,  which,  Bhoald 

e  ot  tbe  eipluKion  or  may  eause  complete 

Primers  moat  be  preimred  at  a  safe  distnnce  fpotn  the  charge  and 

220,    Mlliari-'- — In    fiBf   nf  n    m1nnri>    thi>rp    \B    Hiik   In   nnoraflClllnE 

where    safely   to    human 'life   is    fl    , 

should  be  recognlied  iu  military  operatlone  to  the  eitent  whleh  dr- 
cumEtsneea  permit.  There  in  also  danger  in  attempting  to  retime  ■ 
charge,  especially  if  tamping  muet  be  reuiored.  The  daiigar  Is  ledneed 
by  care  aod  by  BToIdlng  hard-metal  tools  sad  sppllBncea;  if  poaalblc, 
the  tanplDg  ahouid  l>e  removed  with  woodea  tools.  In  an;  cose,  leaTe 
a,  ttv  Inches  of  tamping  above  the  djaree  uudlntorbed,  then  p' — 
aeveral  BtickB  of  powder  and  a  primer  on.  top  of  the  Brat  chareo 
Ore  again.  When  conditions  permit,  It  la  better  practice  not  „ 
attempt  reprlnjlng,  but  to  place  a  new  cbarge  In  a  position  to  do  ttO:, 


k  of  the  1 


The  capiea  of  luliflreii  are  various.    Wilh  electricity,  UwimmHF  1 
tbe  charges  explode,  the  caaae  la  probably  due   to  overloading  Sm-  • 
Diachiae,  or  a  abort  circuit  in  tbe  leads,  or  a  complete  break.     An 
"         -   -    ■  -  ■     -  -erloratlon  ot  all  the  prlmeta. 

D  not,  the  ciiuse  will  probabll 
doe  to  molBture  or  a,  broknn 
vires,  which  prevents  correot 
ra  :  or  the  sensltlvenesB  Of  tba 
y  be  one  or  more  bo  seD^lin 
lit  before  tho  blldses  of  O* 
If  Ignlllon. 
Ill  the  chamber  as  nearly  as 

, .  .__j  should  be  Just  large  eaongli 

cartrldpe  to  slip  down  without  Jamming.  In  qnsiTyllu, 
e  frequently  silt  open  before  they  are  placed  in  the  bole, 
B  allL'ht  preiti!iui'c  of  tbe  tamping  rod,  they  spread  and 


I 


, „jon  ot  all  the  prlmeta. 

ire  and  others  do  not,  the  ciiuBe  wll]  probabll 
1  defective  cap.  due  to  moisture  or  a,  broknn 

„_.  .. alt  In  the  (use  wires,  which  prevpntii  mrrcHt 

going  through  one  fuse  but  not  the  others :  or  the  sensltl' 
caps  may  not  be  uollorm,  and  there  may  be  one  or  more 
that  they   eiplode  and   break  the  circnit  before  tho  bridges 
others  have  liecnme  heated  to  the  point  of  Ignlllon. 

230.  leading.— The  charge  should  fill  the  chamber  as  nearly 
nractlcable.     If  drill  holes  are  used,  tbey  should  be  Just  large  enae 

-o  permit  b  cartridge  to  slip  doi '*' — "  ' ' —      '-  — 

cartridges  are  ' " — '"  — 

—  thut  with  a  .....   .  ,_.  .     . . „     .   ,   .   ..   _, 

Wbcn  larac  cbarKe's  of  free  running 
[lunuei  Hie  lu  iv  uauu,  vucti  as  dynamite,  jurttc.  and  rack-a-rock,  the 
eactriages  may  be  op^jied  and  the  contents  pot  in  hulk  info  another 
receptacle.  As  a  rule.  howivPT,  sucb  cbarjics  will  be  made  up  by 
bunclilng  Hllcks  or  ulrlngs  <if  cartridges  and  tying  them  together. 
The  maklns  np,  and  ererr  ponalble  detail  of  nrepurattan, 
should  be  done  above  Kronnd,  leaving  as  little  to  do  in  tbe  mine 
a%  possible.  Charges  must  not  be  made  tip  Into  slics  or  weights 
which  can  not  be  canvcnlently  carried  through  the  galleries  and 
placed  In  the  cb«ober. 

Tbe  eharicliiB'  should  be  peraonally  directed  bi  the  re- 
nianslble  offlcwt  and  If  but  one  peTBon  can  get  at  the  charge  at  s 
Sue,  be  Should  place  the  powder  llmEelf.  Buch  Illumination  aa  may 
M  necosnary  muat  be  provided  by  closed  lights,  witb  eltectlve  precaa- 
tions  acntQHt  Are.  When  tbe  primer  Is  placed  In  the  nil.ldle  of  a 
bulky  Charge,  tbe  wires  or  fuse  mnst  be  led  out  through  the  powder. 
Only  Instantancoua  fuse  can  be  so  used.    If  time  fuse  must  be  used, 

to°Se 


electric  flring  Is  used,  the  wires  of  each  fuse  shoidd  be  twlated 
at  tlie  ends  to  prevent  (he  poBBlhllity  of  a  chance   ' 

togb  tbe  fuse  and  tor  Iden   "     ■■       * 

'-  the  leads.     Care  must  ' 
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_,oopr 


Hw  ENOIHEKR   FIEXD   UABTTAI. 

limAlui  vf  Iniupliif  Ja  a  strain  brougbt  on  uny  fuse  or  fuae  wire 
«*«■  lujliiy  ilunf  to  melr  coverlnso. 

»Hl,  -i'MwuInK    la    le^s    Imporlant    for   hU:li    exploBlyeB   than 
■kklHii'wtlur,  «liiii>  the  foruier  do  a  fair  proportion  of  their  work  \ . 

.1  IttUtlilui.  while  the  latter  doea  praetlcaily  none,      Light  tamplna 
'^»f|rat>lt>,   howeTer,  and    ma;  coD.'jlet  of   the   e^eavated    earth   re* 


nirU",."l, 


Till  use  of  high  etplOBlves  fairllltBti 
Witpy  <J")r^J^',"*o  beplaeed  iB^drtll  holf*,    ' '  " 

Wl'iHli- -  — ,    -- 

W"lil)«    uiiWBrd.    the   top    Bhonld  _be_  covered   with 


e 


. ly  tampe 

hk'h  will  hold  It.  water  la  the  beat  poa 
stone  dust  may  be  used.    It  the  _ 


'I'H-A  to 
lulaGl'Url 


1^  gT 


mplng,  whh;b  Ib  blowi 


le  a  projectile. 
e  enflrs  surface 
tioibera  piled 


ceF 


..   __         .    e  deared  for  flriog, 

U«  pvulMliTi)  crater  Bhould  be  nutBked  by  brush  ( 
II  Hnu  wolEhted  down  it  nenessarj. 

V.'ta.  HffeplB  o(  exploalon.^It  may  be  aaauined  as  BoSelelitly 
I'lUi't  tiir  tircBrnt  purpoHes  that  charges  of  the  saine  eiploslre  derelos 
lulHl  BUoritlPB  directly  proportional  to  their  weights.  This  eocrey  & 
vturtnd  In  nil  directions  in  compression  of  the  aurroundlng  medliiiii, 
Tlie  diHliliiL'c  at  which  this  [iistucbaace  rcaialns  BuSldeut  to  destiw 

J»ll«f1eii  la  called  the  —'" —  — ■" "  °  "^- ' — 
Liliiliii;  tint  ends  of  thi 

(f  till'  charup  la  large  enough,  further  relief  of  pressure  la  stforded 
by  tile  hodlly  displaccmeot  of  a  part  of  the  surrounding  medlom  "* 
tllu  old*  which  presents  the  Bbortest  dlatenn  Irom  '" ' 

tlltdH'fi.     The  relief  of  pressure  on  one  side  shorten 
urs  which  bave  a  component  in  that  direction,  but  daps  _   .  _, 
',  yUWy  alteet  those  which  have  no  such  compoQent.     Hence,  whMi  . 


ding  medlom  o 
tie  rtiftrge  to  th 
aU  radfi  of  ciri 


vlHhly  nllleet  those  whlcb  have 
'  tnrlul    la   displaced    the   aurfac 

«iul»rlal  ■-  " -  ■ '- 

■PUvrRl  1 


e  201  II 


a  and  radlL  of  rnptB 


:emeat  of  material  la  called-jf 
,ter  which  a  particolar  cfaanT 
if  what  charge  must  be  ( 
or  where  a  given  ebarite 
re  prolilema  constantly  K 


a  typical  c 


,    .        hodilv 

.    _  -■termlDutlon  of 

In  n  particular  place  will  produce. 
Hint  place  to  produce  the  glveQ  en 
bo  placed  to  produce  a  des&ed  crat 
In  military  mining. 

Klgnre  200  shows  a  cross  Kcctioc 

EoHllIou  of  the  charge  Is  indicated 
D  is  the  line  of  liMiat  reatBtnnce,  c< 
or  in  lormulaa,  J;  OB  Is  the  srnlcF  ri 

MBpect  to  the  position  of  the  charge  and 

IfFOund  Hurtace.     Thia  opening  for  level     _.    __ 

and  la  approximately  the  Intctaecllon  of  the  spheroid  of  roptaM  I 
the  ground  surface. 

Craters  are  designated  as  one-llneil,  ttco-liiied,  etc.. 
Ing  as  the  diameter  Is  once,  twice,  or  three  times  the  L,  L.  ■ 
two-lined  crater  Is  also  called  a  eannnou  mlnei  leas  than  . 
lined.  nnderoIiarKeili  and  mure  than  two-lined,  oTereliHrKed, 
mine  which  does  not  break  the  surface  Is  called  a  camaiiSi-' 

When  a  crater  la  formed  the  part  of  the  total  work  of  the 

S resented  in  crater  effects   Is  assumed   to  be  pFoportlonal 
Bme   of   earth    actually   moved.      Aa   a   part   is   thrown   v 
''~'~~^Td  and  falls  bacic  loosely  Into  place  (Qg.  200),  the  hole 
*  es  not  represent  the  earth  moved.     The  total  volume  i 
}a,  from  many  experiments,  to  be  represented  hy  the 
—   _i i_  — .1 —  |„  figure  200,  havlne  the  crater 


cubic  I 

teOHltleg. 


irtl.     It 


FIELD  FOBTIFIGATZON. 

ntitllr  dotermiaed 


reapoDdlng   Id-. 


.....       .  . le  of  the  iioiilcal  frustum  (Bg.  SOOJri 

may.  for  uuf  glTen  ratio  ol  height  and  crater  radius,  be  expressed  br 
the  cubv  oI  tbe  belght,  L.  L.  B.,  multiplied  by  a  uninericBl  constaii^ , 
and  bcQce  the  weight  ot  eiploaivt^  required  to  produce  a  crater  of.', 
correapondlng  proportloDS  maj  also  be  eipreaeed  by  (■  multiplied  bs, 
a  cOBxtaiit,  The  constaut  varies  with  the  character  of  the  material,, 
_.  ._... „^  ^..g  proporlloDS  o'  

S Tactically  a  camoiiSet  iiaij 
•.a  upon  tor  results.     The . 
:he  K.  R,  may  be  determined.      . 
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Kind  o(  material. 
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Overcharged. 

Kunarka. 
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1    1 

A       4 

1    1  a 

Ltehteatlh 

0.012 
.Ol.l 
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,«,i.,„U,,i..™ 
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.SUB 
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,013 
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lias. 

1.6B0 

Medium  xock  or  good 
BM™Mbric^oik.... 

.038 

.OSS 

E«d.mptnre{^^-;.i:: 

1.0 

1.4 

'' 

!:! 

1.2 

" 

2.0 

For  truo  cotton  or  75  per  cent  dynamite,  reduce  ohargesfoimd  from  above  t 

Slrrngrth  of  trtton. — If  trlton  Is  taken  as  ijelnj  7/0  as  efl 
BS  Mi  iier  cent  dynamite  and  (he  constants  given  In  the  formuli 
tables  for  tiO  pec  cent  dyDnmlle  ba  therefore  multiplied  bv  7/7 
eessful  results  may  he  obtained. 

Tlie  wfilglit  of  charKe  may  be  detsm 
tg  to  be  noted   tbat   the  aser  of  this  table   muxi.  <r 
mcut  Id  etamlng  the  soil   under  the  headlDgs  given 
not  be  said  that  the  table  gives  charges  absolutely. 


■□for 


from  Table  II,  It. 
erclae  his  jiidg-* 
BO  that  It  can  ' 
If  tbe  mine  Is 


obtHlned 


from  actual  firings  !□  tbe  Boil,  the  tabular  charges  sboul 
creased  10  per  cent  for  large  quantities  and  50  per  cent  I 
ones.  It  Is  to  he  remembered  that  while  If  more  powder  thau  u^t^r 
sary  Is  used  the  eiersa  may  be  said  to  be  wasted.  If  less  than  tbs 
proper  amount  Is  usca,  not  only  la  the  total  quantity  osed  wasted, 
hut  the  time  and  Inlwr  spent  in  getting  It  into  place  are  also  wasted, 
and  the  opportUElly  lo  gain  aflvantage  by  succenatiil  firing  Is  lost. 
In  all  uses  of  explosives  in  mlntDg  the  maxim  for  the  first  charge 
Hhould  be.  do  not  apare  the  powder.  On  the  other  baud, 
ctiarge  flred  should   be   carefully  obserred,  a-ti"      '        ■"    '" 


band,  evw       M 


znatnn  pizid  mahifai. 


cloHa  td  tnillli^,  ttw  rnad  n 
fimt  of  th«m. 
The  rhsrii'ii  ir*  rlni'f^I  (Icpp  enough  aolj  la  avoid  ardllerj  pro- 
"     ri  iirlilfi;!'^  (Ire  U  In  jie  Pipetled  tbey  muy  be  placed  Just 


-  ...  .. -hey  ._...   __  . 

a  hole  In  auRlclent  the  charge  Is  pU 
vfll   tHmp''il.     If  an  open  pit  is  iog 

a  ma}'  be  ad]itHted  to  i^re 
ngptnent.     The  Intervals  I 


1 


■jsiematlc  Krcansemi 
urtlfldslly  prepm 


B  and  flo  situated  a 


land  mine  In  wbleh  the  volame  of  the  crater  U 

Srepared    to    InL'reitite   Its   rangi?    and   effeot.      Fleare   802 
wm   ■whli*   bfis   been   most  used.      The   earth   el<^avated 

maat  be  piled  arnnnd  the  pit.  ns  Bhciw"    --'  — "  ' ^  '-  - 

the  charge   blowing  out  behind   the  ■ 


Id  well  fc 

If  ihesoli  "wTUnot  bU^ 

ngli'  and  iMiLtr  niled  and  tf-'   ^ 


harsn  of  £n  poandB  should 

.._     Ann    ^        jQiJ    j,„[.flB_ 

■al  and  very  eoBlly  destroyed 
u  .t , .__.   [g  shown  li 


nH  may  bf  Instantaneous  fuse  a_    _„ 
ui   mm  iiiuuld  be  laid  In  trenches  l  to  3  fpet  du 
>d  with  respect  to  the  method  of  flrlus  u  Ja4«n( 
c.      JnitKinrnt   mines   are  eantmlleil   l—~    -    ~ 

-  '-■%  only  at  the  will  at  tka  operator. 

)  he  flred  by  the  dtaturbance  of  soi , 

lomiiUc  ano  JuflBment  llrInK  nrp  often  e ™„,j_ 

If  IIfIbk  bjf  p»p.  the  antomalie  flrlDg  dAVtos  \ 

ivelmnli^al  triKSvr.  which  may  be  speT*t«^,  J 
_.ji  on  file  (cround  over  It,  or  by  the  -■"'" '  -  -^ 

...jjrlc  flrlnc  this  dt  __.  _, 
-Inn  force  operales  to  close  a 
lult  from  the  battery  to  the  ta 
'  operatlnn  of  land  miceit  wl 

—  supplied   with  approved  aiiparm 
'     ...  -.  oppratlons  mining  .. . 

.   u.    riiuuiii    in,    opposed    by    countermining 

Uten  a  doable  parpose  in  ylew^t- "-  ^ 

j^actDg  the  charge  "'' '■■»..— 


il  ordinarily  be  the 


Wniea 
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and  while  ao  doing  lo  detect  and  drcumveot  any  attempt  of  the 
enemy  Co  Interfere  or  to  proaeiuln  an;  enterprise  of  his  own. 

The  only  Infurmallun  af  utl|;hburlDK  uiiucutlDnu  wUcb  Is  ob- 

varth.  In  compact  eoll  an  ordluarji  blow  ot  a  pick  can  be  heard  at 
a  dialance  o(  40  (eel,  and  the  moat  careful  worldntj  Is  audilile  to  a 
distnnce  of  20  fi'eC.  Other  aouDdB,  auch  bb  rumhllng  ot  tructB,  and 
eapcdall;  tamping,  can  be  hi-artl  farther.  These  dlatnncea  vat;  with 
the  character  of  the  aoLl  aod  the  skill  of  the  llEteoer.  Wben  more, 
than  one  gallery  Is  driven  they  should  be  [larallel  and  not  farthw 
apart  Ihon  twice  the  range  o(  hearlns.  no  that  an  enemy's  gallerj- 
penetrating  between  them  will  be  beard  from  one  or  both.  Betuma 
may  hi-  run  out  (rum  the  extreme  Rsllerlea  to  delect  the  sound  of 
working  on  the  Sanka,  Such  galleriea  are  called  llalenFm,  They 
Bhoiild  not  be  large. 

EffurtB  miiBt  ba  made  to  detect  the  enemy's  working  and  to  aTold, 
ao  (ar  as  possible,  giving  blm  like  informatlOQ.  At  occasional  and 
irrcgula.i'  Intervale  nit  work  shnnld  ceeae,  all  eilraneous  sounds  be 
cut  uti,  and  men  with  quick  and  truthed  bearing  abould  Usten  for 
sounds  □(  working  and  estimate  the  distance  sua  dicectlon.  A  map 
of  the  Ballerles  should  be  Kept,  and  whenever  two  headings  act. 
approactdnR,  listening  should  be  dune  in  tbem  and  the  estlmatea 
made  by  the  men  compared  with  the  measurcmeatEt  on  the  mop  as 
a  check  on  the  range  ■>(  hearing.  Accuracy  o(  perception  ol  the 
sounds  may  be  tested  hy  tapping  meaaaees 

...,, —  .,_,.ii ..__  1 — g  approaohea  »._.._ 

B  first  la  the  winner,  but  the  nearer  he  Is 

T  the  longer  lie  holds  bis  Sre,  the  more  complete  the  victory.    Each 


a  bosllle  parties  have  approached  within  destructive  range  of 

..__     ....      .;: ,..      « B„.      I_      .1 1 1...4.      .1, ^y,gf      (,g      Ig 

iry.    Each 
1b  gettlns 

0    SOphlBtt 


n  the  alert  to  discover  when  the  other  party  la  gettlns 


;  the  Bounda  connected  with  loading.     Digging  should  contlnu 

le  point  Dear  the  end,  and  all  movementa  of  trucks  or  other  opera- 
,  _>.,-.,   — I—   _    _,.i,.   -iiouia   [,(.  conllDUi-fl  not  li'sa   frequently, 

.J    d   tamping   be   ciii ...    _ 

mlntalie  In  premstore  arinK,  and  it  should  be 


ly  not  more  frequently,  than  during  the  digging.  Eape- 
rlelly  should  tamping  be  ciiutlously  done.  The  moiit  probable 
-'-•-■ —   ■■  premstore  ariBK,  and  It  should  be  impreased  upon 

■d  (hat  It  la  lietfer  to  eoiue  Into  uotoal  colllNlon 


a  Qiinera  than  to  Are  prematurely. 

(iallerles  are  much  morf  vulnerable  lo  a  aide  than  an  end  attack. 
If  the  (xiemy'a  heading  can  be  located,  sn  attempt  should  be  made  to 
set  a  position  on  one  side  of  bis  gallery.  The  beat  position  Is  nearly 
abreast  of  the  end,  a  Ultle  Jn  rear,  bo  that  If  he  Is  still  digging  a 
considerable  length  of  bla  aallery  will  be  destroyed,  or  if  he  la  load- 
ing or  loaded  hia  mine  will  he  exploded. 

For  long  gaileripa  the  difficulties  of  ventilation  and  eartB  dls- 
poaal  may  make  it  advisable  lo  take  a  new  departure.  The  heads 
of  galleries  are  brought  on  a  line,  or  nearly  so.  branches  run  for- 

d  from  each  so  as  to  end  at  Intervals  of  one  and  one-balf  times  the 

d  for  .  -     .     .- 

sell   a 

proaches.     The    old   galleries 
ions.     It  has  frequently  ha — 

„ ,^ a  hnvc  been  directed  to  the 

forming  such  an   advanced  trench  In  a  position   c 
readied  on  the  surface. 

It  will  rarely  be  poaslble  to  get  close  enough  to  d 
age  with  a  cnmouflet,  though  In  some  elites  it  mlgbt  h 
to  avoid  breaking  ground  at  the  surface.  The  mail 
charge — one-slitb  to  one-eightb  of  common  mines — i^v 
somewhat  less  than  the  L.  It.  K..  wb'-"-  — '"  - 
than  IS  feet,  while  a  S-Une  crater  has  a 

As  countermining  will  usually  result  in  a  crater,  consmeca 
must  be  given  to  Its  sitnaHon  with  reapect  to  the  BOttft.tft-«'m'«.«> 
It  will  be  an  adyantage  If  poasltle  and  E6Tlu.\Ti\^  n^rt.  Ti  &tW™M» 


Goci 
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aar.  Mllltnir  domolltlna-  have  Tor  their  puritoMt  t 

mnk*  un»p»1diiitilij  iiny  object  In  tlie  "-  — -—  -■ "■- 

uf  irhlch  WDiilil  b*  unfnvorahlc  to  th.   ..     , 

-     - --         -        g  obJecU  neutralfied  by  International  c 


•mr,  enceptlDK  alWDifB 
Th*  principal  objects  of 


of  fround  a^etruL-tui 


P«r  tlic  ...- 

■Ince  tbe  destnictloa  la 
HKhllDK  enclODcy. 

F*r   the  aocond   rlaa  . 
■rmed  enem;,  nuil  for  this  clnas  the  existcnn'  of  a  mllltarr  d 

ttiB  lUiuncnt,  and  the  Bmiiunt  and  character 
•trtetneDt  eipUeltly  ocdpred  by  competent  anthority. 

Demolltlous  ot  n   local   character,  which   hai'e  nu  effect 
mar  h«  made  on  the  order  of  the  Immediate  commander,  a 
dUoolltianB  of  a  more  serlona  cbnrHcter.  but  wliich  are  D 
0>e  sarelj  of  n  local   rnrce.     For  example,  a  small  force  _  .. 
ma;  Interropt  n  brldce  to  avoid  captnrc,  bat  the  destruction  ■ 

Sn  DO  farther  than  Is  necessary   to  produce  the  result   I 
nlr«d  by  detalBlng  the  poisitera  lone  enough  to  enable  t 

to  maSe  their  escape.     Demollllons  which  are  Intendi^  to, , 

ultimate   conscqiii^nces  may  affect  a   larser  force  or  a  ereater  I 
toiT,  most  be  ordered  by  the  commanding  ceneral  ot  an  annj  or  oUI, 
loice  operallns  Independently.     In   case   o(  doubt,   orders  sbanljl  I 
SDQsbt    from    the    hlEbcnt    accessible    dHOTUander.     An    officer    q- 
whom  vork  of  drmollHau  K  devolved  ibonld.  if  not  pnrrtdtid  « 
proper  orders,  auk  tor  them. 

25S.  3lctka«*  caaBl*T«<.— DemDiitlQiiB  ma;  he  made  by  i 
BwrlLBalMl    iHFaina.   or   by    csplHlve*.      Fire    Is    tba  «• 
course  »ben   absolute   destruction    In   necessary.    a»   In    c»W  " 
■uppltes.  monitions  ut  var,  atructural  matcdala.  etc.    8o>aw*  ■ 
•a   gunpowder,   sncar,   s«!t,    etc.,   might    be   destroyed  fia  wiitt.,    _. 
tbla    method    ta    laborious.      Bumlnf;   la   equillv    cffecttre    and    mm. 
««aler.     For  qul4  results  with  Blov-bumlng  materials  a  qaaolltj  of  I 
U^lr  combosttbl*  stnlt  must  be  collected.    A  gmall  Are  gains  beafl  1 
my  verf  slovl;  and  moch  time  Is  lost.    Care  must  be  taken  that  tlw  J 
Ot*  Ooee  not  nprcad  to  objects  not  intCDded  to  be  dertrojrd.  ]_^ 

S39.  DuBolltlnn  by  mechanical  means  Is  loo  .':lmple  to  regnire.  K 
t«o  varied  to  permit,  detailed  descrtptlnn.     HefereDve  I?  made  to  *  11 
CUM  la  vhirb  the  best  melliod  mai  nut  be  ubv' 
AbatU  Is  difficult  to  destnj.    


tasteniDKS  ol  the  bi 
with  nippers,   the  n 
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Rallronds. — -Operations  may  l>e  directed  against  rolling  Btuck, 
bridgee,  culverte,  tunoels,  or  trai'k,  or  acccssorlCB.  tiucb  as  water  Bta- 
tlons.  telegriipbii. 

I.aeainativ*a  are  tempornril)-  disabled  b;  temovlDg  vbItob  or  otber 
small  vital  parts:  permaueallf  b;  bullOlQK  a  Are  lu  u  dry  bollpr  or 
by  detannClog  a  chacge  ot  explosive  In  the  bailer.  In  baste,  plstDii  or 
ronnettlng  rods,  links,  etL'.,  mas  bo  destroyed  by  explDSlveH,  or  a  bole 
may  be  blown  in  (he  bottom  of  tbp  tt^nder  tanli.  Cars  may  be  burned 
or  wr'-i'ked  by  ^'a]llllID□B  or  derailment.  The  best  plDces  are  in  deep 
■    ■  toUlalon  in  a  tunnel  wiU  put  1' 


e  for 


i  may  be  pried  oS 


Wooden  lirldsH  may  be  burned  or  small  oQi 
tbeir  seats  by  levers  or  drajiged  ofT  wllb  Uckle, 

Truck  may  be  destroyed  by  taking  It  up,  bumiuK  tbe  ties,  beating 
the  Falls  on  Gres  sad  twisting  them  with  bars  thruugb  the  bolt  holes, 
with  a  chain  anil  lever,  or  a  hook  and  lev^r  (fig.  lOTa).  Twisting  Is 
much  better  thun  bendluB,  as  twisted  rails  must  be  rerolleii  befora 
tbey  can  be  used.  The  rail  should  be  hot  for  tbe  greater  part  of  its 
length,   so  as  to  take  a  long  twist,     A  qnlclc  track  d«nDll(ioa 


g  (.■ausldi'rBtale  tl 


roQulrfng 

rini,  may  be  made  by  loosening  ._.  .._     . . 

off  tbe  end  SsbplateH.  putting  a  line  of  men  al< 
to  each  tie,  and  tarnlDg  the  track  over  bodily. 

TelcEmph  llnca  are  temporarily  disabled 
wires  are  cut,  srruimdii.  In  which  tbe  wires 
gruuDd,  and  crniuirii.  Id  which  a,  ruetalllc  connE 
the  wires.     A  Broniid  may  be  m-'-  ' • 


carefully  a 
locate  then 

getliPT   will 


This  plan  n 


wire  to  the  rail 


pipe  forms 


bare  and  brighten  (b>-  enri 

h    n    wpnnnlr^    ot    brighten..    _ 
tied  separately. 


hwn  Bud  burn  poles,  e 


Ion  4?qnlpinent  of  envl 


Company  to 

olws,o.. 

"Tita'^f 

On  the  1 
company. 

1 

OrcultietcctcKs 

Drills,  siWlo-bii;  imd.'.'.'. . . 
Drilis;ain|lv-bit,Bhorl-... 

2 

I 

Hammers.sledEe.S-ppund.. 

Pi^mattoeks^  E.  D.^^ctern,  "intrunehl 

ug.-hsndM.. 
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241.  In  the  vii-catlon  uf  a  demoIltloD  wltli  exploHlTPii  tliGr 
must  be  roaHidfred  : 

1.  The  objei-t  at  the  drmolltton. 

2.  The  relation  of  the  chartces.  their  iDdlTldnnl   and  Jiiln 

3.  The  nnlDre  at  the  nintcrlal  to  he  hlnMed  and  the  precno 
llnna   required   In   placing    the    ehacKeM   and   protectliiK  thei 

a'.  The  requlrrnifDtii  ot  time  tnr  eiecotlnK  the  i*orlc,  per 
■ODDel,  »i>)i»Ue,  eapi.  fnies.  etc.,  and   bnlldlnK  material. 

T.  A  few  InatnifitloBH  for  the  peraonnel  irhlch  Is  to  detanat 
the  chnrEe. 

&.  Final  arrangementa  and  preenntlona  to  be  taken  In  cnne 
of  [RipnrlHDt  deniolltluna.     Theae  afattnld  be  preacribed  b 

2*2.  Thp  text  at  tbia  mannnl  gives  the  data  requlrca  lor  tb 
prapor  cnnslilemrlon  ot  nenrlF  all  of  the  above.  OiHi'  generaj  nilea  at 
Isla  down.     Thi;  detalla  fur  working  oat  each  partlmlar  demoUtlo 


to  completely  wreck  a  line  ol  c 
'  -        "--  near  (atar- 

Immedlafely  Into  hostile  control  for  a  long  future  period.  Demoli- 
tlona  of  urldgva  or  otlier  Important  Btpupturea  aboald  not 
bo  execntrd  except  br  Knlhorltr  of  the  co  mm  Ml  dee  to  the 

244.  The    two    general    typea    uf    eharicea    arei     Concentrated 

the  eiplOBlve  Is  bimphed  are  the  rule.  One  fnp  In  one  trtlon  block 
win  detonnte  completely  all  blockn  placed  cloaely  around  the  primed 
block.  For  BaxlmaiB  effect,  the  ehirgv  itaaald  approximate  the 
cntilcal  Bhape. 

245,  Charvea  !■  a  rsw  or  amall  dialrllrated  cbKr«ea  are 
the  ciception.  Their  BdnpUbiUtj'  Ig  fllBrn-Bcd  hf-ri'atter.  If  the 
blocks  are  placed  closelj  together,  one  block  detonated  will  dptonate 
the  entire  row.  As  a  prccaalloQ,  a  string  of  blocks  placed  on 
detonating  cord  mav  be  plHced  along  the  entire  row. 

If  the  charge  In  placed  in  small  drilled  bolen,  the  triton  stick 
la  to  he  nsed.     OtherwlBe  the  triton  block  le  admirably  adapted   for 

In  prlmlnK  the  charge,  the  cap  la  to  be  flrmi;  seated  In  the  cap 
hole,  with  the  tnne  (If  nBedl  securely  crimped  In  the  cap  or  tie 
lead  wlrea  connected  securely  (U  electrical  detonation  la  used).  It 
Is  notable  that  triton  will  UHunlly  detonate  with  a  No.  S  commercial 
cap  If  a  tiQosting  charge  of  powdered  triton  la  used.  If  detonatinB 
cord  Ik  used,  the  cord  must  ne  drv  when  passed  through,  the  triton 
block.     Methods  of  printing  dynamite  witb  botb  blasting  and  electric 

^6.  The  problem  of  secnring  ■ImnltaBeaaa  detaiutlon  Is  one 

calling  for  much  practice.  The  various  metbods  of  obtaining 
Bimaltaneona  detonntion  are,  in  order  of  excellence : 

First  Electricity  with  detonating  cord. 

Second.  Electricity, 

Third.  Time  fuse  with  detonating  cord. 

Fourth.  Tlmr  • '"■  •••' — -•  -■-*—-•'  — 


I 


.:,.i,z__.,GoogIe 


TYPICAL  U3ADING 


TYPICAL   LOaONGm 


ESGTKETR    YIELD   ItiMVAL. 


Let  «=>»» 


Let  C=-ii  *i" 


nt  BWIcrial,   Ibe  <«oKr  of  cluupc  l-fmg  tk»  apis  kml  tbe 

iMvlu  a  radius  eqal  la  B.  T^  altinide  of  Dtr  moe  eqvals  H 
depth  •(  w^ich  tbe  cbaise  te  placed  wtthln  tke  maierial.  Sik« 
cbarca  wlU  be  nfemd  is  ■«  ■  kicachlBK  «au>rB*>  Thf  radl 
vl  fnpturv  so  dttnauued  Is  tbe  radl^  of  a  nlwre  within  wIm 

Ikcc  >U  auieriat  Is  comptttelj  sbatteted.     The  cmter  of  the  _. 

tv,  vl  ^UrtWp  ■(  tbe  toiler  of  Ibe  efcarve.  Figure  204  sbowa 
L-banc»  |>liit->il  at  a  drptit  of  K :  suture  3ita  Aoaa  a  ckarfe  placed 
k  Ocplhlfss  than  It 

ncur*  1^^■   shows  the  effect  of  blasting  >  vaa^ur  wU  with 
wHiM  uf  i:Iutr]Ci-«  lii±«ted  la  h&le«  drirea  to  the  ceDt«r  of  the  nil. 

til  nituri'  ;^>T  the  bolrs  ue  tlriren  bnt  a  partiaa  at  the  dbtaoM  t 
the  iinlvr  <>(  thv  waU.  and  la  Store  SOS  (he  t^ugrs  are  placed  f 
ra.llh-M  la  thi'  fan-  of  thf-  walL  .       _ 

lu  ftati"'  ^.^"J  tbv  >-h«ricv  Is  ^cnl  a^aina  the  face  of  the  walL 
■  ta  lualt'ated  »•  eack  irf  the  dsores.  Thif  foramla  is  of  nseral  oaa 
ilk  vuiiU*u(Li^  rharcea  For  land  miDn<  "^^  *"'  '^'^  jk^k— ^ii*<-»  «r  ««^. 
llifva  tkt  ai:i»vut:r  anil  of  rarth  estk 

v«lwr  at  K.  the  Hsiertal  Cactw 


(Mil  tl 


.,.L,.__.,CoogIe 
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1 


J"  •*'' 


jigiiiz.d  ..Google 


H-  6-o'---)|*— 6-0'---»|       ^ 
N-SO  (Cliart'A'.  WMu     ^""'""9  '^""y"- 


Demolition  of  Masonry  Wol/. 


4H  EITOIHEEE   FIELD   MAKUAL. 

4.  Project  tlilB  polEl  vertkaJlj  iipnard  and  rL-ad 
the  top  of  (be  cruss-ecctlun  Blicut  lUe  number  of  hair- 
ot  trItoD  required. 

B.  U  the  material  blasted  U  reinforced  concrete  or        ,    .__ 

--'-:,  detarmlae  N  for  giwd  masonry  and  tben  maltlply  by  2.0  far  J 

-Jorced  concrete  or  by  1.3  11  very  ili "- 

i.  Figures  215  to  218  IlliiatralE  tbe 
251.  Tbe  curves  enablo  K  aud  C  to  be  yartcfl  readily,  and  the  eipe-    i 
rience  in  octnal   domoiitlona  -will  readily  determine  valuable  data  aa 
to   mote  accurate  values  of  K  and   C.      Demolitions  made  in   peace 
time  are  always  to  be  viewed  bb  eiperiments  eonUucted  with  a  view  to 
shearing  inturtnaliun  as  lo  tlie  value  of  K  anil  0. 

ar.2.  SfaatlrrlnK-  cliBrsie*  differ  from  breaching  charges  In  that 
the  materia)  Is  only  loosened  and  1b  not  blastert  away.  Such  charituB 
are  to  be  need  In  quarrying  as  an  aid  to  mechanical  demollHoos.  anirin 
mining.  Xhc  sbattering  effect  extends  one  and  one-bait  to  two  times 
It.  irlgDFe  210  Bbowa  a  breaching  charge  tu  the  left  and  tbe  same 
'         "        ".  shattering  charge  to  the  right, 

surface  to  avoid  shattering  the  surface  of  the  g 

nno    «.-.._.t_._..    eiiHrgea,    iirtnclilns    onnrKca— i.inBrKcii 

Bed  10  brencb  through  slabs  oi-  walla  at  masoury 
mula    for   the  c ^-^■-      -   -  -  ■-    -■ ■- 


FlgqveaMU  _ „.  , ._ .__ 

wtQe  drift  M.     This  charge  must  be  bept  nt  least  2  R  below  the 

rface  to  avoid  shatl    ■      -■  -         -  '' 

2S3.  Diatrlbntpil 


for   the  computation    at  auch   charges  la 
The  symbols  have  the  same  meauing  14 


given  tor  tbe  formula  for  hreaclilng  cbBrgcs,     K  aud  C  have 

valuoB  as  given  In  tbe  formula  for  breschlng  charges.  For  relntorred 
concrete  K  is  doubled,  aa  previously  noted,  and  In  nddltion  a  valne 
of  R  ia  chosen  equal  to  one-fonrth  times  the  thickness  of  the  slab  or 
wall. 

264.  Cfenrt  D  (fig.  221}  Is  to  be  used  In  computing  the  charge 
required.  Its  use  Is  similar  to  charts  A,  B.  and  C  for  concenlraled 
chargea.     (Bee  flgs.  22^  and  223.) 

'255.  Okararea  In  n  row  require  about  twice  as  much  eiplositn 
as  concentrated  charges.  Their  use  is  tbe  exception  and  generally  t> 
be  restricted  to  the  demolition  of  thin  Blsbs  ur  walls. 

2G0,  Timber. — Timber  can   be  destroyed   by  fire  or  by   cuttlns,fl 
Trees  16  Inches  in  diameter  or  under  are  more  quicbly  destroyed  bs* 
cutting  than    by   eiplnalves,      Ki|ilosfV'.>fl  are   used   prlocliially   whoiij 
the  demolition    baa   to   be   delayed    until    a    given   moment  and    t"- 
executed  Instantly.     Slugle  charges  are  computed  as  follows  : 

OkmrKe   ontalde   timber,  M  —  .OS  D<, 
CbKrKC  inaide  llnber,  N  <=  .008  IH, 

In  which  N  ^»  number  of  hnlt-ponad  blocka  of  trltOD  and  D  —  !e- 
diameter  of  timber  In  tneheH.      If  the  timber  be  green,  tough,   i 

knotty,  the  cbarge  la  increased  CD  per  rem       '    •■  — '-  * —  

pressed  tritOD  charges  Is  to  allow  sfi  block 
section  for  outside 

chnrKea.     For  timlM,.-  _- —   —  _ 

within  1  Inch  of  the  opposite  face  and  nil  to  1  inch  from  the  top  v 
trilon, 

2B7,  If   trltoi 
timber,  the  foin 

'       Ivk*  of  trltnn   mlKhtnif  . 

-    ..nst  diameter  of  tbe  timber  In  L .  _ 

.   iiKure  224  lllustraleB  the  placing  nf  chargee  for  the  demolition  ofV 
41  timber  bent.  * 
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iMe  gives  tht'  value  uf  D^  and  Is  to  be  used  In  c> 


VALUE  OF  D*. 


!>■ 

D.. 

!>■ 

D.. 

D. 

D.. 

D- 

B.. 

11 

23 

30 

SOD 

II 

i'S 

u 

169 

H 

441 

29 

S41 
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■r  of  tl 


r  the 


FIbotb  326  showB  the  charges  placed  for  t 
tlmbeCH  by  Inserting  the  IrlT.on  In  bcreii  boles. 

:;5S.  Steel. — Rpssemer   steel    erystallizea,    DreaKS,    ana    lai 
generally   anar    from   tlie   exploaire.     Open -bear 
ouu  maj  throw  fragmeotM  In  an,v  dlreetlun.      These  fi 
'equentiy  large  and  projected  with  force  enough 


cutting  of  >. 
Ion  dI  roun4 


.     ,000  janis 

:hleld  the  firing  flptaehmei... 
make  good  field  shelter. 


■.    Sxtra.  preceutlouB 


B  12  laches  or  laor 


formula  la  to  be  used : 
Bf=AX?4. 
N-^nnmber  of  nne-ha 

A,  number  of  ItlUHtratlve  eiE 
tka  use  of  tbe  tormiila  will  b 
cbarge  must  be  placed  against 
qnanttty  of  eiplonlve  will  be 
secttoD. 

To  prerent  an  overeBtlraatc 
of  trIEon  carried,  the  study  ai 
mended. 

A   handy  rule,  appllmble   ( 

on  alile,  cut  a  ]-lnch  plate,  or,  If  stood  on  end,  i^ll  out  a  li-Itt 
plate,  lip  to  and  Including  five  rows,  each  artdttlonal  row  of  bloc_ 
OA  «lde  adds  1  Inch  and  eacb  additional  row  of  blocks  on  end  adds  i 
iw^to  the  thlcknet 


■  ■   aeetlon   of  the 

,  by  meaita  of  which 

t   part  of  the  croi^s 
oe  with  the  quaptlty 


■  ,11   l>y    li    by    3ft    Inc 


brldKCB — TriMBea. — Id   destroying  a  bridge,    ti?   to 

1..^    — .. —       ,., -'loviln    be   placed   In    the 

■""""    -"--  of  the  road. 


t  the  iTomplete   cross  aectloD.     CharRcs  sin 

iSie  best 

have  thi.  ,   ,_   ...   . 

should  be  cot  orer  tbo  towers.     By  choosli . 
location  of  tbe  charm's,  they  may  easily  be 

In  tii'e  cai 


„ B  main  membe™  in  botli  « 

deck  rallro&d  bii^lge,  eavh  uf  slm(ile  dcslgii. 

FlEureB  22B  to  237  Biiow  amouotB  of  e»p!oalve  anfl  mi 
plaeuig  earae  to  deBtroy  Hteel  hrldee  members. 

2A0.  Roll ToKda.— Oof  block   of  triton   laid  agalast  the 


m 

wm  1 


m,    breab    as   ixaii}'    csila    an    time 

lirenk  eacb  roll  In  two  plnops,  BCfenl 
e  placed  on  oppnalte  fildea  of  tbe  rail, 
e  eame  time,  aod  tbe  firat  charge  tbat 


ISnrtli  ihould  b 

■     and  their  noniiefitlnn. 

lucatlon  and  qoanttty  of  a.  charge  (or  destroy- 

glve  (he  Bome  Informntlon  for  a   frog  and 

,  the  heBt  locallon   of  the   chane 

lowing,  gives  the  i.'liarge9  required  Id  auch  caaea,  and  figure  24Z 
■nova  the  location  of  the  ctaaree.  Tbe  charge  can  also  lie  computed 
by  the  nee  of  the  formula  for  hreeehing  charges  (chartB  A,  B,  and  C). 


a  culvert,  Buch  n 


LOADING    FOR 


fiJuglB  -  tracl!    line 

DODble-lIBCk  Bne,  irndbed  2g  feet  wide. 

OfchBTRB 

"X. 

Number  of 

NLtmhflr 
ehaVs. 

Distuwe 
Ch4i«; 

Number  of 
blocks  ol 
tritoD  In 
ohargo. 

Total 
in  Ion 

Fea. 

8.0 

1 

7M 

2 

F/a, 
18.  S 

320 

640 

f  on  each  trvck.  i 
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CoTnpiita.thon  0/  charge 

eye-xf  =  /o.s 

/7.6 
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Fig.  235 

■/4  ver^  strong  Box  ffJT'de-r 
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ChaT-^fe  45  Blocks  of  TMT. 
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Fig.  337 

CTiord  of  a,  ver^  Zon^^  3rid,'^t 
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Ike  a/ Exploaivejor  cutting  R-R. 
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Use  of  explosive  on  switche< 
SBloaks  TNT. 
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Use  of  epcplBSive  on  froJ-3 

/O  Blocks  TNT. 


Use  of  explosive  on  crossings 
SBlocksofTKT. 
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f  Masonry 
Demolition  of  a.  raiiroati  fill 
a.t  a,  culfert. 

Cha^e -  76q3loch3 of  TN.T, 
jse  T&ble  "D  " 


J&^  jTVv 


4t8  ENamEEB   TTELD   XASVAL. 

In  case  of  R  [Imlieivcl  tunnel,  tbe  tltabcr  bpiits  tnsf  lii?  demollsbed  ' 
by  cutting  tbe  vprlk'nl  posts.  The  rhflreea  ahou!a  bp  pluced  as  shown 
In  QKiire  213.  Tbe  ti«ntB  demallshed  should  be  located  »t  the  poiBt 
where  thi>  heavledt  load  Is  csrriiHl  by  tbe  tlmberine.  This  point  can 
often  be  located  by  obBervlng  the  effects  of  tbe  weieht  In  distorting 
the  timber.  Ueaerally,  the  heavteat  load  is  carrlei^  at  the  point  where 
the  timber  heatB  are  rooHt  etoHely  spaced.     Figaro  243  below   showa 

typlral  American  Begmetitiil  tunnel  timbering  — ■•  --  '-  — '  ' '- 

all  timber-'  '—— '-  -  "--"■   ■ '■-- 

loads  Bbo< 


a  Id  Morth  America.    Seferai  Indications  of  heavy    | 

berlng  are  noted  on  Che  figure.  i 

282.  The    service    of    demoUtioii    may    be    concerned    with    almost  J 

any   natural   or  arMBelal   object.     The   determination   of   the '■ 

effective  point  of  ilvDiollrlnn  for  gtructnreH  or  materials  blasted 
for  a  fairly  broad  general  engineering  knowledge.  However, 
Important  aCrui'tiirew  aa  hrldB|ee,  rallrnads,  aqnedacta,  Tladocta,  i 


1 

SI 


...        .?   walls,  anj  heavy  Tinilrllnga   can    be   readlfy   attacked   with 
explosive  by  the  application  of  tbe  formula  given. 

2iy.l.  Field  KnnB  anil  bowitnen  may  be  deetroyed  (O)  by 
pla.:lng  b  shell  Id  the  breech,  closing  the  breech,  and  detonating  ■ 
block  of  trltoD,  tamped  against  the  fuse  of  the  shell :  or  (b)  by  filling 
tbe  bote,  Junt  Corward  of  the  first  hoop,  with  from  two  to  Svo 
blocks  o(  trlton,  tamping  It  firmly  at  hoth  ends  with  sod,  closing  Oio 
breech,  and  detonating  the  trlton ;  or  (c)  by  placing  (loni  12  to  10 
blocks  on  the  outside  of  tbe  tube  jiiat  torwarci  of  the  first  bonp. 
Methods  fa)  and  (b)  throw  Cragmente  with  great  violence  and  ate 
's  dangerous  as  tbey  ate  reliable.    Method  (e)  Is  the  safest  for  the 

_■ —  J...... .    .....   ^.  , — .  _.■■.!.,      ^  „^^  ^g„  j^  dlBabloS' 

■  "^   ■     if  hiti  ■     - 


.      .      arlly  by  opening  the  breech,  setting  a  block  of  irItoD  ami 

the  hinge,  partially  closing  tbe  breerb.  and  detonating  the  explosti 

A  vehicle  of  any  kind  la  dUabled  by  detonating  three  trlton  blor 


bled'fl 


shore  sboald  Orst  be  broken 


1  imh 

__, -    ,-.    ,,.rk  wm 

B,  and  charges,  dleCances.  etc..  cap  be  determined  by  trial 

2(10,  By  following  the  tnatrncllOBa  above  there  will  be  no  diffi- 
culty In  destroying  buildings,  bridges,  railroads,  artillery,  inaehliteTy, 
military  abstacles.  etc.,  provided  an  Bdri^uate  supply  of  exploaive  la 
available.  Since  trllon  can  be  transported  with  perfect  safety  under 
moHt  adverse  conditions,  there  shmild  he  no  difficulty  In  tbe  repienisb- 
ment  of  supplies.  Figure  244  llluatratea  In  a  comprehensive  way  th«  a 
pioneer  work  and  possible  demolitions  for  nn  assumed  locality. 
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tile  pack 


PART  VI— ANIMAL  TRANSPORTATION. 


1.  Anlniol  iranBpwrtKtiun  far  tbe  EnglnCKr  serrice  Is  divided 
IdIo  vFlipel  mid  pack  traCBpurtaCiao.  Id  wbeel  traciaportatlai)  tbB 
wagon  la  the  unit,  and  earh  auiiUBl  cod  haul,  on  a  conaurvatlve  esOr 

portHtlon  [he  animnl  la  the  unit,  and  each  can  caciT,  also  ua  a  can- 
Burvatlvt  enllmBte,  300  poundB  groBa  or  22b  n«undB  net  Inai  A 
given  quantity  of  ireislit  carried  on  packs  will  reiiiiira  three  times  aa 
many   onima!*  ss  would  be   neqessary   to  carry   It   un   wheels.      The 

foroj^e  to  lie  protldcd  and  In  the  labor  of  Cevdlng,  shoeing,  n' 
•-— ' -' — '-  • Ing.  tb€ 

articles,  aa  tent  poles,  can  not  eonvenlen'tly  be  carried  exe^t  bj 
Bpeclfll  eonatrnctloa,  and  loading  ot  pa«k  eargoea  la  an  expert  service 
which  must  be  performed  by  a  few  trained  men,  wbllc  loading  of 
WBEciDH  Is  work  in  which  all  can  participate. 

The  great  advantage  of  pnctz.  IranaportiLtlon  Is  Its  mobility, 
and  this  consideratlun  la  often  paramount.  A  good  pack  train,  well 
handled,  can  make  2  miles  to  1  of  the  beat  wagon  tralna  on  good  roada 
and  more  on  bad,  ones,  and  cat]  bo.'ijdea  go  where  there  are  no  roada 
at  all  and  wbera  the  country  Ig  so  rough  that  roads  could  hardly  ba 
made  and  wagom  could  not  pass  them  If  they  were  laade. 

Wagnn  tranapotlallnn  ahould  be  used  udIbu  the  couBtcy  1b  Im- 
practicable or  the  rale  of  march  too  rapid  for  wheels-  The  perma- 
nent pack  trains  ahoold  be  limited  to  the  probable  tequlrementa  a( 
rapidly  moviQg  columns;  and  Id  those  the  baggage,  etc.,  Etiould  be 
keot  down  to  an  absolute  minimum.  When  great  dlffleultlea  of  wagon 
naportatloa  ar.'  tori-seen,  the  draff  mules  should  be  broken  to  pack 

_,_.  __J  .. , ^_J  ,_  ....  .__, -t..         ..J  pgge        ^J„ 

e  combination 
Itself  in  this 

vould   make   a 
DarDess  ana  a  worae  pack  saaoje. 

ere  used  Interchangealily  for  draft  and  pack  service  on  the 
oundary  survey,  and  pack  mulus  were  put  luto  harness  in 

mule  la  the'itandard  draft  and  puck  animal  of  the  United 


, -.    ...   lion   are   mainly  larger, 

r  head,  longer  eara,  and  smaller  fei'i,  lur^er  girtb.  shorter  legs, 
ouu  .onger  boas.  Tlic  rel&rlve  disposition  of  bones  and  their  angles 
are  the  aame  aa  for  the  luirae.  Figure  1  ahiiws  the  skeleton  and  the 
names  o(  the  bones  most  likely  to  be  the  aeat  of  injuries  or  disease. 
Figure  2  shows  the  mule's  exterior  eonFannatloii  and  the  names  of 
the  regiona  Into  which  It  la  divided. 

Where  ejttenalTe  bogs  arc  found,  as  in  some  parts  ol  Alaaka,  I 
are  used  (or  park  serv'—   — '— ■' -■  ■ " —  ■— ' ..__... 
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SFlectloB  of  moleii. — The  crosfl  between  a  Jack  aad  a 

sized,  with  alroDg  marktagg.  large  ears,  anil  Hmaii  teet— are  hardier, 
while  tboRe  resetnbllnE  the  mare,  good  slKed.  i^inHllpr  earn,  larier 
feet,  and  no  Jack  markliiKi^  are  Ukelf  to  show  less  eDdnrance.  Color 
does  QOt  seem  to  give  any  iQillcatlDU  ot  coDHtltutiuD  or  disposition 
eirrpt  aa  above  noted.  Good  males  will  be  fouad  In  all  oolors. 
Mules  (or  fmmedtate  ose  shonld  not  be  taken  uniler  4  years  ol " 
mule  BOUDd  and  health  at  4  jears  should,  with  proper  <:are  and 

iiome  experieneed  men  prefer  mares.      Female  mules  are  said  to  stand 

-  a  voyages  belter  thun  males.     Very  large  mules  are  not  desirable. 

i    — 1~  **, — ij  I —  *..j — J  —  .„  |j|g  a^e,  atrenr"*-    — '■"" — ■"-" 


luld  be  Judged  aa  to  his  a«e,  atrenKth,  endamnee, 
uiK>i>i4toa.  IndlcBllons  of  nKe  are  not  very  precise  as  to 
years,  but  are  elear  enough  aa  to  tbe  questlun  wbetner  tbe  muia 


.-    .__  old  for  service.     —  _  „ , 

,  lour  at  the  alx  iDclaors  In  each  Jaw  are  permanent, 
uuu  lue  uiners,  tbe  end  ODes,  are  temporary  or  mUk  teeth.  Tbe 
dUTereoce  is  plain,  aa  tbe  milk  teeth  are  white  and  smaller  than  the 
others  and  are  emootb  outside  and  grooved  Insliie.  while  the  per- 
manent teeth  are  grooved  outside  and  smooth  Inside-  Id  mules  the 
tUBbOE  also  appear  at  this  age.  smooth,  straight,  and  pointed  (fig.  3). 
At  5  yearn  tbe  remaiolDg  milk  teeth  are  replaced  by  permanent  ones. 
which  latter,  however,  have  no  Inside  wall  (tig.  4).  At  6  years  these 
teeth  bave  the  Inside  wall.  At  T  years  the  ends  ot  the  inclsurs  show 
wear  and  the  tushes  begin  to  appear  blunted  (flg.  B).  From  this 
stage  on  the  age  Is  a  matter  ot  Judgment,  baaed  on  tbe  amount  ot 
wpar  of  Incisors  and  tushes  and  the  angle  of  tbe  Incisors,  which  is 
obtuse  In  young  animals  and  gractually  changes  to  acute  in  very  old 
ones  (flg.  8).  Other  Indications  of  age  In  tfie  mule  are  the  tempHfs, 
full  In  llie  young  and  sunken  In  the  old,  and  the  wrinkles  above  the 
eyes,  and  gmy  iialrs,  botb  of  which  Increase  In  Quctber  aa  tbe  anlmoi 

~'       -     -■'        *  *    atrensTtb   nre    the   size   and   bolld   ot   tbe 


especially  ot  his  legs.     The  fore  tegs  should  be  set  well  apart 

..  Jiboulders  and  about  equally  wide  at  the  feet  and  should  a —   ~~ 

straight   when  looked  at  from  any  direction.     The  hind  legs  s 
. .  .._^  . l,pj_  3^,1 ... ^.  _^__  , 


I  and  about  equally  wide  at  the  feet  and  should  appear 

Jooked  at  from  any  direction.     The  hind  legs  should 

'11  apart  and  be  parallel,  aud  appear  straight  when  looked 
hlDd.  The  angle  of  the  pasteTn  should  be  such  that  the 
miuuie  line  of  the  leg  prolonged  to  the  ground  will  Just  touch  the 
heel  when  the  animal  Is  stauding  squnrely  and  naturally  .on  a  smooth 
level  surface. 

The  IndlcBtlonn  of  eudnn 

shape  ot  the  chest  and  the  glrtL, 

oo  which  endurance  depends.     The  chest  should   „.. 

cular,  and  eBpeclaliy  tbe  breastboDe  should  not  be  prominent.  Ixtok- 
liie  at  the  animal  from  tbe  side,  the  chest  should  appear  to  project 
distinctly  In  front  of  the  tore  legs.  The  girth,  measured  6  to  B 
inches  In  rear  ot  tbe  tore  legs,  should  not  be  less  than  1  \L  times  tbe 
height  of  the  animal. 

For  indicatioiM  of  dispoaliloii  look  to  the  heed  and  eye;  the 
latter  la  eapecluUv  a  good  tnden.  Avoid  mules  with  eitra  long  heads; 
also  those  with  hollow  or  d1»b  faces.  The  eyes  should  be  set  well 
apart  and  sland  out  prominently.  Byes  close  together  or  sunken 
show  a  mean  disposition.  A  good  mule  has  a  soft  kindly  look  in  bi« 
eve  which  Is  difficult  to  describe  hut  Is  easily  recognlxed.  The  ears 
shoDld  be  mobile,  and  In  young  animals  constantly  moving ;  one 
polnllng   forward    and   one   back    Is    a   good    sign ;    laying    t 


rr 
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slgu :  liut  aalm 

FoedinB.— The  ration  for  tbe  mule  la  B  pen 
■  14  pounda  ot  bay.  tSa  intti-r  fhe  Boim.  im  it. 
ie-£uutth  loas,     lirao  w 

.    ....     One  hunflted  pound. ^__ . 

liug,  or  the  Bame  amount  ot  hay  1(  Btrow  eaa  not  be  had. 

' iiln  ration  Is  determined  b;  the  smaller  HTernee  slw 

doea  nuc  meun  that     he  is  a  lighter  eater  thaQ_tbi 

■k.     If  hi 


s  right  for  the  aperage  muii 


I  with  f 


etjuivaleu):  li»  other  lood,  or  ha  will  tall  off  In _. 

While  tbe  mula  Ib  Icbh  particular  about  his  food  than  the  hon6,  J 
and  wUl  keep  hlmoelf  alive  wbeo  s  burse  would  starve,  it  la  none 
the  less  Important  that  his  food  ebonid  be  clean  and  aeund.  He  t» 
particularly  aensttlve  to  sudden  chant^eB  of  diet  eTen  wbeo  tbe  idd 
food  aad  the  new  Is  each  guiid  ul  its  kind.  Chances  from  Hraln 
ta<  grata  and  the  n^rerse,  of  tiitin  one  kind  ot  grain  to  another,  should 
be  roade  gradually.  In  addition  io  a  proper  qusbtltj'  of  food.  tUe  aat- 
mal  muBt  bare  ttmn  to  eut  It.  All  of  the  hay  and  mare  than  half  of 
tlie  grnin  should  he  fad  at  nifiht.  and  the  morning  teea  abonld  M 
Elvea.  at  toast  nn   hour  before  hltcbing  up.      I'ack   mules  frequeMl^ 


e  the  entire  ration  nt  night  anci  are  cot  fed  et  all  to  the  mornina. 

IQ  the  field  the  mules  can  he  fed  at  tbe  pick—  "--  " -" —''— 

Ot  hay  BlDiur  the  line,  mnUtng  a  hollow  i 


IngrslBJi* 


le  and  pouring  the  giaia  Into  it.    When  co  hay  Is  fed  and  tl 

Id  not  dry  and  clean,  lay  down  sacks  on  which  to  place  t .,_ 

.Animals  muxt  be  wnlcbed  while  tci'dlnp-  to  prevent  stealing  1 
each  other  and  wante  by  scattering  grain  or  trampling  It  into  the  il 
Mules  wiilch  are  nearly  cihauEted  or  pHinped  out  after  a  V 
march  will  Bometlmea  refuse  to  eat.  t"-'-  '--  '  -•■—■-  ■  ■ 
Bud  offered  to  tboia  later,  after  they  ai 

ISrsn  multiteued  with  water  to, the  conitlatency  of  btoWn  i 
Bhonlrt  1)0  jiiven  occatdonallj,  and  always  If  tliere  arc  sltna-Of  , 
SHpatloo.  It  may  be  giTen  alone  or  mixed  with  a  part  ratioH 
grain.  It  must  he  freshly  mixed  to  make  B —  ""-*  "■  "-  --' 
^^ least  Buur.     This  and  a^jittlc  fresh  ^ass, 


;  that   It  « 


Google 
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rcli  Willie  the  puf.. 

nirs  B.  white  or  sray  bell  h 


-able,  accordlne  ti 


deslr  ' 

wbif-         -    .       -     - 

7.  W«t*T. — A  mole  requlrea  from  4  to  6  galliiua  oi   wmcr  u  uujr, 
depeodlng  on  the  Beasou  and  hlH  work.      Id  an  urld  i^liouile  two  oi 

^>.___  ... _..  t tg  [gqnirej,     jn  an  ameraeofy  hB  may  be 

ilrlnk  at  one  watcrlug  ii  day.  but  wlieu- 
ever  noasible  be  Bhoald  be  watered  two  or  three  limes  n  day.  In 
corrals  there  Blinuld  bE,  exi^pc  In  frr'^xlns  weather,  n  eonstaot  supply 
BO  that  the  anltualg  can  drink  wheueTcr  they  dcaite  to  do  bo.  It  la 
as  Important  tliat  the  water  IM  pure  uod  wholeBome  as  for  auy  other 
animal.  Tn  tact,  the  mule  In  rullier  partleulnr  abnut  hiB  drlnklog 
'  water.  In  every  herd  Rome  BUlmalB  will  refuse  water  which  ottaerd 
drink  and  which  aptienra  to  lie  Bood.     No  palna  should  ba  apared  to 

""•'  — " fUlch  fUese  animals  will  d-'-'- 

■       ■  ■     ■      oongli  walei „....  , 

. „   ...   —le  morning.      In  auch   Cuhk  rv^ry  en 

tniut  be  Hiade  lo  itet  wKter  at  the  nil  of  tli*  flrat  boi 
mnn-b.     Kspculal  attention  Is  required  on  this  point,  as  the  w| 
Ing  of  draft  mulea  on  the  road  generally  Involvea  unhlti-hlng  tha  team-    1 
or  carrying  the  watiT  In  bnrketa.  either  of  wbli'h  operations  Canaw    ' 
trouble  end  delay  and  fa  likely  to  ^c  nesl»cted,     in  croasInB  a  itrcun 
With  soft  hottoin.  If  the  mules  are  thirsty  they  should  he  wstfred  be- 
fore driving  In,  ottierwise  thpy  niay  stop  to  drink  and  ir'—  " ' — 

Qsually  be  ■ 


t  rent  men  t. — The  normat  condition  of  a  mnla 

of  m  to  3B  ner  minute  and  a  tcuipcrnture  of  M". 

1  or  Inrtde  the  folw 

l)y  a  clinical  tbef- 

uiuuji.-ii::£  tu4t-rii.lL  lu  uiu  rei-Lum  lur  live  uaiiuii-H.  Dlscaae  la  alJoOkt 
always  accompanied  by  an  Increase  of  teiiiperature  or  pulse,  or  botb. 
Tbe  pulse  may  run  to  lOU  per  minute  or  even  more.  A  afironic.  tuit 
pulse  of  Qormat  rate  Is  a  very  eood  Indliatlon  of  freedom  from  dtseaie 
or  Injury.  The  temperature  lo  ^ome  dlseaaea  runs  from  107'  to  lOD*. 
In  taking  cltber  temperature  or  pulse  avoid  eicltlng  or  worrying  the 
animal.    The  normal  rate  of  respiration  when  at  rest  IH  12  per  minute. 

Apart  from  Bcddentg.  which  will  be  frequent,  and  contagion,  wblch 
Will  be  inlrequeot,  sick  mules  lu  the  fleld  will  ufiuolly  he  the  result 
of  BDme  neglect,  as  of  feeding,  watering,  policing,  or  shoeing,  or  ol 
abuse  or  overexertion.  It  Is  niui-h  easier  and  better  to  keep  multis  well 
by  proper  attention  and  treatment  than  to  cure  them  when  dck. 

The  diseases  and  Injuries  described  below  Include  tbosp  most  likely 
'-  ' nconotered  In  Held  aen-Iee.  those  In  which  effective  treatment 

fven  by  ih "-- ^  _._„.--  — . — . . -_.  ii  — 
Ilrompt  ai 
AdmlnlHtratlOu  ui  miruii^ 

a  drench.     Tut  the  liquid  Into  a „ 

and  sec  that  there  arc  no  sharp  edges  or  projections  about  the  mniith 
or  neck.  Kalae  the  animal's  bead  until  the  mouth  is  higher  tlian  the 
throat.  Insert  the  neck  of  the  bottle  In  the  side  of  the  moufh  be- 
tween the  incisors  and  the  molars.  Point  It  toward  the  throat  and 
allow    the    mi'diclnu    to    run    out    slowly    uud    with    intermlselona    If 

Id  w"ter  b'l_  „, .„..  „.  .. 

BnllK  to  contain  dry  mcdfclDeB  may  be  made  hy  the  addition  c 
honey,  simp,  or  aoap,  using  oil  meal  if  necessary  for  required  consist 
ency.  They  should  he  about  2  Incliea  long  and  J  inch  In  dlametei 
freshly  made,  and  Inclosed  in  tissue  paper  or  gelatin  capsules. 


can  be  given  by  iierHons  who  are  not  stilled  vet  ,  .,    . 

1 tjjg  prompt  action  Is  nccesaarv  to  prevent  rontnglou. 

"         ■"   "    eii.^I.lqniU  medlcinea  are  given  & 
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c  glTen  a  silety  consistei 


■ncy  and  placed  a 


Mry  r<Miulr«inents  of  field  tr«tauD 


V't«r,'L'l'liwi[v«,'i'ltiiibM  wida,  ID  jiiiia' 
i.rli  /jr  iiuutiiruB,  nrdlnwy. 


,  _ .  pint. 

ulld  ur  flulil— I  dunce. 
,A  illvuL'  ilulliir   Wfeigha   AS 


anfnul^ 
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win  it'^p-H^'^'T'i^^T,''"'  "'^"^  ,'""■  "  ''""  "■«'sht.  If  well  worn  It 
will  lip  nparlj  riglii  If  new.  Inke  gcnnt  measure.  A  balanee  can  at- 
wajTi  be  ImprovlBed,  uaianee  can  v- 

l*o^"'lft  3  Sa/'^'^d'd*eyea';"i^*'ndm"t*lf)"'*'  ""  "^^ 

1.  Creolin  1  pa^t  water  40  pirn  '  '  ' 

2.  »7arboIie  acrd  I  part,  water  40  purtB. 

3.  Boraele  acla  1  part,  water  20  parts 

4.  Iodoform,  drj,  uet-eBHary  quantltj  sprtukled  on  wound. 

2-  5*',"'5''i  "'^^-  "''h  nP^BOTfJ  duantltT  BJiriokled  on  wounfl. 
tkIl  ^°'P.t"l."T,',?eJ  °""=.^•  ^"I-t^  "'  l™^  1  ounce,  water  1  q»rt, 


11.  To  relieve  pain.  Witih-liaiel  ; 
ounces,  laodauum  2  ounces. 

12.  BtimulatlDg.  Turpentiue  2  o 
ouncee,  ttDiie«d  ull  4  ounces. 

la.  Spirits  of  camphor  2  odqcpb,  g; 
pentlne  li  ounces,  water  I  pint. 

14.  tjoap  Ilalmeot.  CasIIlp  soap  B 
ouncoa,  spirits  of  cnoipbor  2  ouncee. 
pint, 

15.  Parge.      Aloes  B  dr 

16.  To    stlmulBte    the 
water  1  pint. 

IT.  Founder  powder.     Nitrate  o(  potuab  4  oances.  gentian  4  OramB. 

18.  Tonic.  Gfeutlau  2  drams,  slnser  2  drums,  flaxseed  meal  1  dmn. 

le.  Colic.  Sweet  spirits  of  nFter  1  to  2  ounces,  laudanum  1  to  4 
ounces,  ginger  2  drams. 

20.  To  dress  saddle  acd  tiaruess  galls  and  to  harden  the  dia. 
Alcohol  1  pint,  water  1  pint.  If  the  skin  ts  abraded,  mix  trttb  white 
of  eggs  to  a  pURte  and  apply  a  thick  coating. 

CiHiiitliiotloii. — Put  the  mule  on  a  iuiatlve  dtet — bran  maslNS, 
grass,  or  vegetables.    Salt  also  has  a  slightly  laxative  effect 

Dlnrrhoea. — Usually  results  from  two  laiative  diet  or  eipoBim. 
Put  the  animal  on  dry  teed  without  salt  and  keep  dry  and  warm. 
Do  not  work  more  than  neceexary.  In  aggravated  cases  give  t  pint 
of  raw  linseed  oil  or  1  dram  of  powdered  opium. 

Spanmadlc  collc.^— Tbe  HOlmal  appears  to  be  In  distress,  looks 
around  at  Its  flabks,  pawH,  kicks  at  lt»  belly,  attempts  to  evacuate  tbe 
bowels  and  to  pass  urine.  Pulse  and  respiration  accelrasted.  The 
attsfkB  are  intermittent  and  between  them  the  animal  retarna  to  ap- 
parently normal  condition. 

Qlve  a  drench  of  1  pint  of  raw  linseed  oil,  and  prescription  Ko.  19. 
If  The  animal  has  not  been  overfed  and  the  case  1b  light,  Idramorpo'- 
dered  ginger  mixed  In  water  will  do.    Give  ample  room  lo  move  abos 

Flatnlent  voile. — More  serious 
former ;  pain  apparently  less  severe  ba 
oa  Its  legR  ;  extremities  cold  ;  excessive 

Give  No,  19  full  streiiKth,  reppatlr-  - 


aade   in  the   right 


Cwtj*™!"."!  (nrry  hna.  or  bnttoi...     When  tUe  1. 
1«wr  ani'll.  mill  iba  Duils  are  usoallf  tieluw  the  Knees  Or 

Bi  lliiv  iliiwii  ihc  Iront  of  the  foreleg,  bei^nnlg  at  t 
Iki'  ImiUi'Iu.      In  th<'  enrlr  stage  the  buds  are  baril  lumM'b 
Itw  nkdi.      iJiriT  ilipy  enlarge  and  guppnrate  tliroiuh  the  hSTh, 
ICl>  r.iii.ilil.iji  1^  [■■■.iiljnl  the  animal  shonia  be  kllTiHl. 
■mbllng   ElsnderB,    preyolent 


Gooj^Ic 
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Where  Eiirra  1b  or  has  been  pretairnt,  allon  no  grazing  and  avnld 
all  Bi'et'O  furas«,  eupedaUy  Ccoiu  marshy  or  uverlloweJ  grouiui.  The 
disease  la  nioM  prevalent  Lu  wnt  pluceEj  ant)  wet  weather. 

Manace. — Small  pustules  form  on  the  skin,  ofiuaUy  lieElDiilnE  at  the 
rods  ot  mane  and  tall.  The  discharges  form  a  trust,  under  whlob  the 
balr  luuaens  and  tails  out.  The  diseaae  la  conlaKlous,  and  animalB 
Bffec^ted  must  lie  Ii^ulatnd  and  usual  pri-vaullunM  Taken.  Cleanup  the 
affected  part*  thorouwhly  with  soap  and  wulet  aud  dress  with  No.  Z. 
If  the  sSln  Is  affeeted  ov*r  a  large  surface,  only  a  part  of  It  aboulil 
be  gone  over  with  tlie  csrhoUc  eulutlon  each  dn;,  lu  avoid  carbollt- 
BCld  uoisDiiing.  It  is  better  In  Bucb  cases  to  subslltute  No.  1,  irjikti 
may  be  used  with  Impunily,  v'     .  i 

ScmlcUcn.^ — Aa  iDnaaied  ccndltion  of  the  skin  of  the  neel  wtCn 
crusts  i^vinK  a  watery  discharge.  Caused  by  i-ipQsure  to  wet  and  Ci>ld> 
sometimes  by  trlismlng  the  fetlocks.  Keep  the  parts  dry  and  CleaA. 
■Wash,  If  at  Hi],  with  warm  water  and  tasllle  eoap  anfl  dry  thor- 
oughly after  washing.  If  the  Skin  Is  unbroken,  use  Ircsh  lard  and 
TBSelloe;  dnat  with  powdered  alum  twice  a  day.  If  the  skin  U 
cracked,  use  No.  10.    A  dry  place  for  the  anliual  to  stand  la  Dacesmry 

Tbrnaiti,^ — A  disease  of  the  frog,  usually  behind,  accompanied  iff 
an  offensive  dlsrharge.     It  resulta  from  an  cleanliness.     Keep  the  trt&    1 
cl<'an  aud  dry ;  pare  away  ragBcd  parts  and  open  the  cracks  to  facili- 
tate discharge ;  dust  with  <:alumi'l  and  dr^ss  with  Iodoform  or  pluH  tar. 

I.KiulnltiM  or  lonndrr. — Ad  acute  inflammation  of  the  pracessea 
which  connect  the  wall  of  the  hoof  with  the  coffin  hone.  More  com- 
mon In  the  front  feot ;  very  painful  aud  causes  extreme  lameness  and 
stUTnpss  wllb  much  bpat  tn  ^he  foot.  Oycreiertlon,  indlgeatlnn,  ana 
tDtttcriiia  Khen  healed  are  tnost  frequent  causes.  The  animal  can 
scarcely  he  ludncpd  to  move,  and  trlca  to  take  the  wolabt  oft  the  toea 
by  atanfllnR  on  the  heels,  op,  If  the  fore  feet  only  are  affected,  by  draw- 
ing the  hind  feet  forward  under  the  body. 

Olve  laxative  diet  and  plenly  n(  water,  remove  tbe  Bbnes,  and  give 
the  animal  a  soft  footing  whicfi  will  throw  as  muoh  weight  ng  poasllile 
on  the  sole  and  frog.  In  the  Geld  a  goad  Dlan  Is  to  make  a  slight 
di'prea'ilon  In  the  ^uund,  flII  It  with  water,  and  let  the  mule  stand  With 
hia  lore  feet  In  the  mud.    Cllve  No.  17. 

LockJ  a  IT.— Induced  by  prlokluK  Ihc  font  with  rusty  Iron,  or  by 
punctured  wounds.  The  dlf.'ns..  l^Vaitspd  liy  a  microbe  which  thrives 
In  rich  sells,  us  of  highly  cultivated  p.lrdi^n-  and  in  the  Tropics.  Com- 
mon In  t?if>  I'hillpplncg  as  a  r,-iill   (iT  puu,  lured  w^iuiids. 

There  la  difficulty  In  swaltoivms  .Tod  rigidity  of  the  Umbs ;  ears 
erect  and  to  the  fropt ;  uostrlla  dilated;  legs  spicBd  aourt  and  tall 
persistently  held  erect.  Ueneral  muscular  rigidity:  obstinate  con- 
stipation and  torpldlt;  of  tbe  liver.  The  climax  usually  cornea  In 
three  or  four  days. 

RMTch  for  the  eicitlng  cause,  and  If  found  to  be  a  wound  ot  any 
t  It.    Give  a  strong  purgative  and  2  to  3  drams  solid  extract 


1 


of  belladonna  tbri 


each  of  the  animal  at  all  times. 


.._,_    ....  e  skin  under  tha  Tetloek  by  cubbing 

against  a  rope.  Very  frequent,  eapeclallj  with  mules  not  accus- 
tomed to  helag  tetheied  or  picketed.  If  not  severe,  cleanae  with 
soap  and  apply  ointments   7,   8.  or  "      -   "-     ~   ■'--'      '  -' — 


;ii,  locato  It  by  pressure.  The  mule  will  DIncb  when  the 
In  touched.  It  suppuration  has  not  set  In,  clean  the  part. 
1th  HUtlBCptic,  and  stop  the  orifice  with  a  ping  of  sterilized 
If  pua  liua  formed,  a  free  eiit  tor  it  moat  be  provided 
tained.     It  cnDV  be  necessary  to  cut  awa;  a  consider       fl 


J.,g,l,;.d.,C00gIC 


AITIKAL  TRAUBFOBIATXOH. 


Mule  Ehoe,  not  fitted. 


mapp 


4H  EBGUTZEB   FIEU)   HJJIV&L. 

abouM  thco  bs  rut  iluwn  level  wiib  ibc  soii^  ai  tlie  loe  and  left  u 
Uttl«  loanr  at  thr  bnl.  Ttav  hivl  wHrs  a  little  undrr  tbe  shne 
end  wlil  riretr  r«ulr«  mu.b  culting.  Tbe  rasp  la  used  to  cross 
levpl  the  bottom  ol  Ibe  wail,  which  abonld  be  octnialcly  doae,  so 
that  the  mnle  wlU  stsDii  square  on  the  sboe.  The  sbue  ia  now  to 
he  titled  amirstely,  so  tb«l  Ita  onter  edge  will  follow  the  clrcuni- 
(ersDiT  of  the  boot  all  around.  The  St  must  be  made  dose  ecou^li 
■o  that  no  flllng  of  the  aldea  oi  thi'  wall  will  be  necessary  to  eom- 
nlctc  It.  The  shoe  Is  tben  applied  hut  for  a  moment,  and  the  blgb 
irfJut3  Indlcatnl  by  barnlug  nre  wurknl  down.  The  ahoe  should 
then  be  applied  hot  long  eDough  to  sllehtir  Gear  the  lower  surface 
of  the  waU.  but  do  lonnr.  It  sbould  tnea  be  cooled  Hud  Qniinl  on. 
In  nalllnB.  begin  with  the  front  or  toe  nalU  and  drive  them  in  theli 


Alter  nil  are  driven. 


une  a  Hie  ba  tbcm  to  smooi 
miilpa. — Ordinary  cases  c 
"    -       Take   li 


fl,.l,.ni  .i."1  !..■  -UL-..  Hu,.  ibe  rope  can  not  ^i^' 
liiirii.     For  a  hlnl  loot,  draw  fonranl  between  thi 

for  B  Cora  toot,  bnuil  nbnrply  »(  the  knee  and  l ,. , 

tho  UPJHT  lu.     Foe  IWd  cnaes  In  the  held,  throw  Of  mule  ani 
Mm  wfillo  down,     ffor  the    '" ' _  .    -       


canvii    baodp.  -  Twltcbi'a    iia    the    ears    Ehould    

abnoluti'ly  uacMMary  10  control  thi^  animal,  put  a  twitch 
lli.  Aulmal  powe*.— The  cnpaclty  of  an  animal  to 
tlve  eltort  decrMi"'i  ni  apcisl  and  time  iQcreaae.  As  a 
ba  B*aiiniiHl  that  au  af*Tiuto  draft  mule  can  pull 
ai  ai  mll"K  nn^onr  for  10  •• -■--   — 


bf   ropes,   atrapa.  't 


I'nn  be  dHnlcd  ou  anr  pull  dr>i>CDds  mainly 
^eniiily  "ai  to  width  of  lii 


„,,  _.-,  la  other  ivoi 

of  avcraae  level  roads  every  i 
ri'd.  It  can  be  made  over  12t 
^lug  covered  by  a  slower  gait  o 
.  pnrtlj  by  B«ch.  An  anlmoL  ci 
■mul  pull  tor  a  few  mtnuIcB  ut 
:,  provided  in  each  case  the 


tbe  Kind  anil  condition  of  tho  road  and  a  little  on  the  waenn, 
..pUnUily  a«  to  width  of  lira  and  slie  of  wtipela.  For  the  Mtandafl 
Arini'  Hilim  niiit  on  a  level  average  dirt  road  In  good  londltion  the 

I  _j    ...._.ii»..    ^^|    go    pounrtg    standard    pnll   may    he    taken    at 

ilmnl.  Of  thla,  300  pounds  will  be  wagon,  leaving 
lulu.  .\nv  reduction  of  tbis  load  10  leeaen  the 
I  fl  llK>  700  pounds.  To  reduce  the  pull  to  40 
^  mu^t  bo  tafecn  from  tbe  freight,  leaving  £00 
liJL<]leil.  This  2O0  pounds  pulled  over  25  milea 
niimdB  pulled  over  1  mile,  while  If  the  full  load  of 
.a  uiet  131  miles,  which  can  be  done  irlth  the 
lilt  equals  TOO  x  12  i  =  B,T6D  pounds  baulad  1  mile. 

.. '  march  la  Sxcd,  the  enlmnia  can  be  relieved  only 

the  pull ;  otherwiBo  It  Is  better  to  relieve  them  by  ahort- 

lerels  no  traction  on  the  down  grades  and  hd  in- 
ually  talti-a  without  Spprecluble  oitra  exertion. 
Ich  raaj'  be  apcnt  in  rests,  allowlnn  greater  effort 
tr.  ._  a  —  — .  grade,  the  load  can  be  retained 


distance,      tip  to  3  per  cent  grade,  the  dlstai 
Taduelng  the  pull.     Above  8  per  cent,  both  e 

,    rMueed.     The    reducUon   of   null    may   be   a 
log  part  of  the  freight,  by  doubling  up  teams. 


rMucMt.     The    reducUon   of   pull    may   be   accom- 

.g  part  ■■■- ^^^ ^ 

iragrop 

;  remain  in  as  good  condition  a 


XTJogTc 


AHIHAL   TKAHSFOJtTATIOH. 


Wbeu    march?  E   i 
thej  lose  in  two 


ermltient.  inuk'^  may  b«  pushed,  since  vrhat 
w  days'  overwork  can  he  made  up  bj  a  week's 
d  tboy  win  bi'  fli  when  aeain  reiiulrtd. 
iipIhIiI"  Hud  normal  landa  ot  some  Armj 


Weight. 

MaxhnuiD 

net  load. 

load. 

Pound,. 

1,050 

!S 

i',m 
i.no 

1  '■.;" 

1      2,200 

Pranij, 

4,000 

slooo 

""■"If., 

1« 

1    '■.? 

1  ;s8 

Bridge  train.  Heavy 

4,030 
S,10O 

1. — The  harness  Bupplipd  foe  heavy  draft  la  ot  three  kindB, 
arnir  WKKon  hnrneiiii,  4-miile  ■mbnlknce  and 
KrovBia,   and    Hmbnlnnvi?   barnvas.      The    Giat    la  dis- 

by  the  absence  of  a  Eaddle ;  by  Its  brepchlhE,  vblch  Is  ot 

leather  UDBtltcbed.  and  Its  trai.-eH,  which  are  of  chain  throughout 

and  pasa  throngh  leatlier  pipea  to  prevent  ebaflng.  The  second  la 
dl.EtiDEUlEbcd  by  [Is  traces,  which  are  ot  leather  to  the  hreechlng, 
with  chain  e:(te[isloiis.  The  third  has  all  leather  traces.  The  second, 
or  ambnlance  and  vragon  harnesa,  [s  most  suitable  for  Bnglneer  trans- 
pot-tatlan. 

Most  6-iDiile  teams  are  driven  with  a  Jerk  line,  the  driver  rldlns 
the  near  whpcler  (flg.  10).  Fonrmule  teams  In  the  bridge  train 
ate  driven  In  the  same  way.  All  other  4-mnle  teams  are  driven 
with  lines  trotn  a  seat  on  the  wagon  (flg.  11).  The  e-miiU'  harness 
Inclndea  a  riding  saddle.  Jerk  line,  check  rein,  jockey  stick,  and  black- 

enake  whip.     '   -  '  -'     — '■  ■• ,--...-. — . — •  _....i  .. — 

•      tUi 

.      osely  L..„ 

V  hand  In  the  right  plai 


and  throatlatcb  n< 


The  bridle 
-  ■        Uht: 


. .  .    .  ,  the  cheek  pieces  so  adjireted  that 

lue  bit  will  hang  In  the  mouth  Just  clear  of  the  angle  of  the  lips, 
not  Tar  from  it  and  not  touching  It,  especially  not  drawing  It  no 
Into  wrinkles.  The  bit  should  he  of  the  right  length  for  the  width 
of  (he  Jaw.  Less  damage  will  be  done,  however,  1(  the  bit  la  too 
long  than  If  too  short.  If  the  b"  '  '  '  ■  ■-  ■  —  -  ■  -  — 
at  the  ends,  relief  may  he  alvei 
around  the  bit  Inside  the  ring, 
not  to  touch  the  eyolashea. 

The  fit  of  the  collar  reoulres   -.    .-. . 

it  will  cut  off  the  wind ;  If  too  large,  It  is  likely  to  make  the  ahonl- 
ders  Bore.  When  the  collar  is  on  and  adjusted,  there  shoutd  be  r"""! 
to  Insert  the  open  band  between  the  bottom  of  the  collar  and  the  i 


y  pitting  n 
le  blinds  m 


ntafiv 


Gooj^Ic 


ANIMAL   TRAKSPOKIATIOH.  *«l(< 

pipe,  and  not  raiK^b  more.  Cullam  Ttboulil  always  be  buckled  "wben  off^ 
tke  mull'!-.  A  collnr  whlrh  1b  tbe  right  size  tiut  nut  the  tlgbt  Bbape  rait^ 
be  improved  liy  soaliiug  1(  In  water  and  putting  It  on  wet.  A  day'i 
iFork  In  tbe  rnln  will  produc'e  tbe  same  reault.  Tbe  nnileraurtflce  of 
the  collar  abould  t«  kept  clean  and  £o£t.  Uo  not  scrape  it,  but  rub  rt 
wa$b  It  .'lean.  The  same  remark  appUee  to  every  part  of  tbe  harneslf 
wbich  tourhes  the  mUle'K  EkiD.  Cleunlog  tbe  autaide  a(  a  barnesB  1* 
good  for  the  hamesa  only ;  cleaning  the  Inside  la  good  for  botb  mulj 
and  barupBa.  The  driver  should  be  provided  wHh  two  or  more  smalr 
padH  ot  sheep  Hkla  wllh  thongs  uttathed.  If  the  akin  la  ahraded  hj- 
the  harneaa.  two  ot  these  pads  idbt  be  laahed  to  tbe  undemlde,  one  on 
eacb  side  of  the  sore,  aad  will  afford  reliff  until  the  march  IB  orep 
and  regular  treslment  can  be  applied.  The  hamea  ahould  be  ao  si^ 
Juhted  to  lit  the  collar  cioafly  wilhnut  plncblng  It  out  of  shape.  i 

To  clean  bBrnesa,  bang  a  t!et  on  a  t>ole  or  line ;  wet  a  sponge  In 
clean  water  and  rub  geolly  over  the  harnesB  until  tlie  dirt  is  noftened; 
BInse  the  sponge  frcfluently  and  renew  the  water  aa  often  as  nei.'e*- 
sary.  Next  rub  the  sponge  on  the  harnesa  sonp  until  a  good  lather 
la  formed.  Olvp  the  hnrness  a  thorough  coating  of  It  and  continue 
the  rubbing  until  all  dirt  Is  removed.  It  may  be  neeessurr  to  use  « 
thin  piece  of  wood  To  get  aome  spute  clean.  When  Ihe  barneai  Ic 
clean  rub  up  a  very  thick  lather  and  coat  tbe  leather  evenly  vlth  It,- 
allowing  It  to  dry  without  rubbing.  After  the  lather  has  been  al>> 
Borbed  and  the  leather  la  dry,  dip  a  small  clean  sponge  in  tutmesw 
dresBlDg  and  touch  the  harnesa  lightly,  rubbihg  Just  enough  to  spread 
the  dressing  evenly. 

If  the  leather  is  very  hard,  after  cleahlnii  as  aboie,  Lake  a  pint  of 
Di-ofa-foot  oil  and  a  teaspooniul  ot  lampblack  to  each  single  ae(.  Mix 
thorouglily  until  a  black  glossy  appearance  la  Dtoduced  and  apply  an 
even  tuat  with  a  small  sponge,  rubbing  It  well  in.  In  cold  weather 
warm  tbe  oil  enough  lo  make  it  How  freely,  but  do  Dot  let  It  get  hot. 
After  thoroughly  diTt  apply  hameea  dreaeing  as  above  deecdbcd. 

stitches  are  brokeu,  leather  worn  or  cut.  or  any  metal  parts  cracked 
or  broken,  have  the  defect  remedied  at  once.  If^stitcbea  are  taken,  be 
careful  nut  to  leave  knots  on  the  Inner  surface  of  the  harness.  Fasten 
at  beglQuIng  and  end  hy  drop  stltcheB.  In  the  fleld  provide  supports 
(or  tlie  barneBs  and  keep  11  off  the  ground  when  not  In  use. 

The  following  altowanceB  of  materials  tor  ttie  repair  and  preaer- 

graph  14.  as  a  part  of  the  equipment  of  stt  escort  wagon  and  amhu- 

Fur  each  double  eet  of  quartermaster  harnesa  ;  1  leather,  hameaa, 
black,  pound ;  ^  rivets  and  burrs,  copper,  pound ;  2  thread,  saddler's, 
ounces :  2  wax,  aaddler'a,  ounces. 

For  every  30  double  sets  of  gnsTtecmaater  harness :  1  needles. 
Glover,  paper;  Z  needles,  biirneas,  No.  2.  ps|)era ;  2  needles,  hurness. 
No.  :f,  papers ;  2  needles,  hamesB.  No.  4,  papers. 

The  following  alzea  of  rliets  and  thread  are  required:  Rivets  and 
burrs,  copper.  So.  8,  H-lnch;  No.  9,  J -Inch  ;  No.  9,  1-incb ;  No.  12, 
t-lncb.  'I'lie  rate  of  cooauitption,  by  weight,  of  each  of  these  sizes  1« 
ordinarily  the  same.     Thread,  aaddler'a,   Noa.  3  and  10,   the  same 


Loops,  halter,  IJ  luchea 2  ttoteu. 

Open  iloka.  No.  2  iron.  10  per  foot 60 

Oil.  neat'B-foot 10  gallona. 

Rings,  No.  2,  11  and  S  inchsB 2  doien  eac^t 

Rings,  breeching;  No.  3,  3i,  and  4  inches 2  doien  eacl 


and  hnrra,  copper,  No7'*12,~i"Bnd  llnch. 

No.  8,  1  and  I  Inch. 1  pound  each. 

■'  -    "-—it.  )1  Inches 1  doEcn. 

eaa.  I  ond  1  Inch 2  dozen  each. 

ess,  11  and  IJ  inches 1  dozen  each. 

SB 100  pounds. 


Blldes, 


4 


^T>" 


r: 


EnonrEEB  fiexd  iukxtax. 

Squsresi  baiter,  li  by  1}  luchea .  X  dozen. 

TBckg.  4.  8,  and  la  ounce _  i  doiPQ  papers  each. 

Threinl.  Blioe,  Barbottt'B  No».  3  and  10.  while —  1  pound  each. 

Toesles.  trace S  dozen. 

Wax.    sBddler'B,    black,    aprlOK,    Hummer,    or 

14.  WKKOOik — Foe  Keii<'"<.l  rrvlt^llng,  the  wagons  In  use  in  tba 
Unllod  BlHles  Bervlce  are  the  mrmy  sis,  weighing  l.BOO  pouads,  and 
currylDR  4.(K>0  pounds,  with  s  ll-mule  Jerh-llne  team,  and  the  eaoopt 
(flK.  II),  welgblne  1,1)00  pounds  and  carrying  3,0110  pounds  with  ■ 
four-tine  team.  The  armv  six-wagon  la  no  longpr  furnished  by  Qnai- 
tprniBster  Corps  for  use  id  campalgulug,  being  limited  to  use  In  gar-  ' 

The  bridge  equipage  Is  carried  on  two  types  of  wagons,  the  ponton 
tntfotx  (He.  10).  wi^gblus  2.1:00  pounda,  and  carrying  2,000  pounda, 
and  the  cbeiia  vto-tioa.  weighing  1,750  pounds,  and  carrying  2.300 
to  2.T00  pounds.  The  ponton  wagon  Is  used  for  the  wooden  pontoa. 
Tbe  chess  wagon  la  used  for  all  other  brldf^  loads. 

To  keep  K  TTBKvn  Id  ordpr  It  Is  only  necessary  to  keep  all 
nuts  tightened,  tbe  wheals  greased,  snd  to  wash  the  mad  ott  when 
opportunity  offers.  Four  to  Bii  pounda  of  aile  grenRB  per  waaon  per 
month  will  be  ample.  In  dry  sand  wagons  tn  constant  service  should 
he  greased  daily.  On  hard  roads  they  should  be  greaaed  eiery  40  to 
00  mUea.  Always  clean  off  the  old  grease  before  putting  on  ihe  new. 
In  washing  use  lis  much  water  and  as  little  rubbing  as  possible. 

The  following  Sje  spore  parts  and  aeceaioTies  for  each  escort  WBKon,  ambulance 
end  BCCompanylPE  teams: 

Escort  wagon  and  hamsse,  complete  set— 

Wagon,  esTOTt  {Includes  running  gear:  wagon  body:  I  tongiio;  l  doubletree;  l  lead 
Tmr:  1  alnirletreea;  fl  bows;  2  chains,  lock;  1  wag^^i  cover;  1  Jockey  "box  and  1  owil- 
latine  lool  box,  each  with  padlock  and  key;  1  drii-er's  seat;  and  1  axle  wrench). 
Total  vralghl,  2,033  poundi. 


ASIXAL  TKAIT8F0RIATIOIT. 


lYherP  carried. 

■K- 

WsBon  fqnlpmEnt— ConUnueii. 

X3 

In  tonlera,  tn  osdllRtlnglDal 
box. 

In  OBCQlatlBg  tool  bOK. 

In  lantern,  ta  nBcIllsttiiK  tool 
In  osdllatlne  tool  boi 

( For  winter  nne,  whm  espBdan? 
Chnrli'^il,  1  blanket-lined  eovv 
BaDh  miie.) 

r 

Harness  parts,  eitra  (total  w«ght, 

Inospillathigtoon.oK 

■^f^ 

""f-tii 

do ,. 

sas" : - 

i^- 

'InBsoill.tmEtoolbo!I 

Harness  smaaoilea   itotel  Wei 

Bit, 

^ 

Whteli,  mra.—Oae  vagan  of  eacb  rMmnitBl  fle 
Uglitly  taden  e'siii  wagon,  will  be  equipped  wltb  oi 
tisn  CO  tha  usual  wagon  equlpmeDt. 


.  train,  prarerabl;  t^s  maBt 


■  k«M 


EI)6IlT£En   MEID   KAHTIAL. 


"typa,   and   Is  commooly  colled   by   ilL    _, . 

principal  parts  art  the  body,  tbc  cover,  the  clnchn.  and  the 
empper.  Tbcae  parts  bave  a ubdl visions,  whlcb  are  lesEi  Important. 
The  aceesBories  added  tu  the  above  to  loalie  the  npnreta  vamplete, 
are  the  coroaa,  tlie  blnak«t,  the  Isali  rope  with  its  elncha,  the 

The  bodj  o(  the  aparelo  eonslsts  of  2  pieces  of  heavy  leather  24 
Incbes  wide  by  68.  60,  or  62  Inching  loDg,  eewod  together  at  the  edsei 
■Dd  Bcroaa  the  middle  of  the  length,  forming  2  ponchea,  Inio  which 
■DOSS  or  hay  le  BtuScd  to  form  pads  niting  the  contonr  of  the  animal 
on  either  side  of  the  hackbone.    In  the  American  form,  the  pnda  are 

fSvfa  a  peculiar  elastic  Btlllness  by  means  of  ribs  of  wood •■-■ 

eitending  from  a   saddle  piece  at  the  top  of  each  pouch  t 

SiPCB  at  the  hotlom.  These  rfbs  are  atiffer  at  the  front  t 
Biible  at  the  back,  varying  uniformly  between.  They  convert  each 
pad  Into  an  elastic  lever,  b.v  which  the  pull  of  the  cincha  on  th-  "— ' 
torn  acts  to  raise  tbe  aparelo  and  Its  load  from  tbe  backbone, 

the  stufBng  distributes  the  load  unUorml;  over  a  large  apace  c„ 

rlba.  Tiic  Btufflnit  Is  Introduced  through  a  handhole  Id  the  middle  of 
the  underside  of  each  pad,  through  which  It  Is  always  accesBlble,  and 
tbe  Uneat  art  of  tbe  packer  consists  In  Bttlng  the  pads  to  the  ebape 

them  BO  ret^idlesB  of  chaDges  In  the  aolmal's  coDdltloii  by  sblttliie, 
removing,  or  renewing  the  Btufflng.  If  a  bunch  rlapB  on  the  animal, 
it  can  be  worked  down  by  taking  ont  atuffing  Immediately  over  it  Bo 
Bs  to  take  off  tbe  pressure  al  that  point.  Delerailne  tbe  proper  point 
by  wetting  tbe  top  of  the  bunch  and  Inylnir  the  aparejo  on  the  mule. 
ApnreJOB  and  mules  are  a  umbered  and  the  aaiBe  pack  la  always  on  tbe 

The  fnnctfoa  o*  the  crupper  Ib  not  what  would  naturally  he 
eiperted.  If  tbe  aparejo  IB  properly  set  up  and  fitted  there  will  be 
no  tendency  to  move  back  or  forward.  The  crupper  is  In  reality  ■ 
steadying  lever  to  keep  the  aparejo  from  rocking  fore  and  alt  as  tbe 
mule  travels.  For  this  purpose,  the  dock  piece  Is  large,  smooth,  and 
soft,  and  the  crupper  la  wide,  stlfT,  and  firmly  laced  to  the  body.  The 
crupper  Is  adjustable  in  length,  and  muBC  be  accurately  tilted  en  that 
wheu  the  aparejo  Is  In  Its  proper  place  the  dock  piece  will  rldp  be- 
tween tall  and  dock  without  preaslng  on  either. 

The  cover  la  permanently  attached  to  the  body  and  may  be  con< 
Bidered  a  part  of  it. 

The  cincha  is  of  heavy  canvas,  doubled,  and  10  iDchea  wide.  It 
is  lona  enough  to  reach  from  the  near  boot  under  the  mule  and 
around   the   aparejo   to   a    Ultle    beyond    the   middle.      The   ends   are 

—                         ■      -    ---i   usually   of  aevernl   thicknesses  o(  blanket. 
■  ■-■!  Identifies  tbe  pac'"      "■  '"  ' 


I 


with  a  number  or  design  which  Identifies  tbe  pack.     It 
Iha"  the  corona  shall  not  be  separated  from  its  aparejo. 
Off  the  mules  the  aparejoa  are  placed  In  a  row  on  "■ 
jn  Bklda.  standing  on  their  boots,    T-lie  cincha.  folded 


the  aparejo.  The  crupper  Is  turned  ao  that  the  doc 
a  on  the  ciDcha.  The  corona  is  placed  an  top  of  al 
vers  are  slrelched  over  the  line  of  aparejos  and  tied  dowi 
of    aparejoa    so    arranged    is    nanaily    referred    to    as    th 


St 


Each  packer  is  provided  with  s  blind.  The  mules  are  trained  to 
and  perfecllv  atfl!  when  blinded,  and  if  it  is  necessary  lo  move  a 
uie  even  bv  a  step,  the  blind  should  be  liflnd,  i 

To  plBcc  the   Bpnrelo   on  the   mnle   tbe  corona   is  flrst  ptit 

™ithTy  on.  followed  by  the  blanket  folded  to  6  thlcknesseB.      The 

^O  Is  then  put  on  allghtly  1°  5^;^^£,)."„„?i?;^;5' ,„T,^*  "!"?i^'iS 

Mncha^  un 
^  with  J 


„  Google 


AITIMAL    TBAITSFOKTATIOIT. 

16.  Loada  are  divided  Id  to  aide  vnchu  and  <oi 
pBCkH  Bbnuld  bv  of  upproiliuateJ;  eoual  wl-1u1ii  and   . . 
paJnt  OD  one  aldp  ana  bd  equal  wslnlit  of  oakum  on  the  other 

make  a  proper  load.     Side  pui:kB  should  not  be  lODK^r  lliiia  \iO .. 

wldiT  than  20  Inches,  nor  di*pec  thsD   12  Inchea,     I(  the  aide  packii  ; 
"11  out  a  load,  the  reat  la  placed  hetween  tbeni  aa  a  top  pNck. 
vblcb  hy  tbeir  sizt  or  aba.pe  are  Dot  anltBhln  for  side  pork* 


n  top.     The  center  of  Rrarttr  of  the  entire  load 
top  of  the  —-"■•'-    — '  —-  ' •'■-  '-— --      " 

rgoes,  the  f 

each  wrapped  in  tt  nianl 


._p  of  the  saddle,  and  the  lower  . _ 

cellaneDDa  cargoes,  the  frelglit  la  maile  up  Into  aide  and  top  packa. 


If  a 


the   dlanoBd   hitoh    (Q|».   34   to   3H.) 
ouca  a  loaa  muat  reraaiD  unbrokui  until  the  end  of  the  toarcli.  I 

IT.  Care  nnd   preaFrvxlon. — All   parts   oF  the   rlUKlDii   ehouldi 
be  kept  clean  and  the  leather  parts  soft  arid  pliable.     The  materlaj*     ' 
and  mi>tbods  ^veo  for  harneaa  may  be  adapted,  .    i 

IS,  In  ■■klnu;  oS  Inabed  iinvka.  the  laeb  rope  Is  removed;  ttB, 
cdncha  laid  on  the  rrouDd  In  tbe  middle  of  the  Hue  to  be  accanied.>  I 
The  lanh  rnpe  la  rolled  down  on  the  clncha  and  !ta  end  atretebea  out)  \ 
10  feet  to  one  side.  Tbe  BllDg  rope  Is  then  unfastened,  tbe  pack»i  - 
dropped  from  tbe  aparejo  and  laid  on  the  laab  cope  lengthwise  wlthi  I 
the  cinctia.     The  Bilnf;  rope  la  colled  on  tbe  packs,  and  Ibe  end  at 

ju-  . — 1. ,. ...  .._  —  . —      ^],u  (.incha  of  the  aecond  pack  Is 

and  parallel  to  It  Rt  2  feet  dla- 
tance.  but  with  the  end  of  the  Inab  rope  on  the  opposite  aide.  The 
packs,  etc..  are  placed  OD  It  ns  dtscrfbed.  Tbe  third  pack  1«  placed 
on  the  other  side  of  tbe  middle  one.  and  so  on  until  all  are  down 
in    a    line.      Atier    »ll    cartroes    are    off,    the   apare; 

tarnoes  are  also  covered  with  pieces  of  ca """ 

Maolaa  aia;  be  used  If  there  are  spare  o 

m.  M>iri>hrB,_A  draft  mule  is  rested  by  a  halt;  a  pack  mn!e  la 
Dot  UDleait  nnloDded.  Wa^on  trains  Kbodld  start  early  and  make 
triKiiicnt  bails.  Thfae  should  be  of  two  classes,  longer  ones  at  regular 
UmB  inr.i-vRi.  .nrf  »hni-tor  nno.  nf  »  miuule  Or  two  sftsr  CTcry  nn- 
erval  of  tbe  longer  balta  will 
e  time  and  distance  to  be  made. 

a  mule  has  made  one  dead  pull,  be  will  not  trv  to  pull 
1  on  [Of  same  load  In  tbe  same  place.  When  it  Is  evident  fliat 
:enm  mut<t  atop,  the  driver  ebouTd  stop  It  before  It  Is  sCalled ; 
wise.  Id  mnet  casea,  he  can  not  set  another  pull  out  of  the  team. 
rv  slight  change  of  conditions  will  oftea  eocourage  stalled  males 
ull  again.  Cases  have  been  reported  In  which  reversing  the 
and  off  mules  had  the  desired  effect.     A  little  visible  i 

idnajlf  as  a  horse  does,  but 

__   .. ._  .     .he  load  does  not  move,  wlU 

It  Is  rtinicult  to  get  a  steady  lay-down  pull 

out  of  a  team  of  mules  In  which  every  animal  la  doing  hla  best  at 
the  BHme  moment.  A  team  of  two  mules  on  a  hard  pull  will  oflea 
seesaw  on  the  doubletrees  without  pulling  en  much  as  either  could 
alone.  It  is  better  to  have  stop  chains  on  the  doubletrees,  leaving 
only  enoagh  slack  to  prevent  one  mule  from  shirking. 

and  take  tbem  to  pieces  and  carry  over,  than  to  attempt  to  haul 
over.  A  portage  may  also  be  made  when  otherwise  the  train  conld 
not  advance  at  all. 

A  puck  train  ahovld  be  allowed  to  make  ita  march  without  halts 
eicept  (or  water.  It  It  can  he  done,  Tbcy  may  ulart  later  or  get  In 
earlier,  according  to  ciri'um stances.  If  the  column  Is  of  great  length, 
no  relief  can  be  given  them  in  this  way,  and  they  must  halt  wllb 


i4ii^ 
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When  (tolng  into  hlvouac  or  camp,  the  cotupany  nDd  beadqaarl 

.Hon  nnd  fcagaage  wugons  arc  conducted  at  once  to  tbe  sltea  o(  ti— . 

-.'Binctlve  kitclieoa.     U  a  blvoimc,  tbry  remain  tliere  all  night.  hdIbu 

Id  the  preaenee  of  the  enemj ;  H  a  camp,  tbey  are  unloaded,  and  join 

tbf  reat  of  the  train  In  park. 

The  train  Is  parked  In  line,  preferabJ;  to  l»eward  of  tbe  camp,  and 
on  ground  which  di>eB  not  drain  toward  It.  The  picket  line  will  be 
stretclied  parallel  to  th?  wagon  Hue  and  prelerublf  In  front  Of  It. 
though  alwajB  on  dry,  eently  sloping  ground,  If  It  can  tie  louud.  The 
beat  altc  IB  along  a  liage  with  the  ground  Eloping  hoth  wayH  fcom 
tbe  line.  Ttie  mulea  stand  on  both  BidE'B,  and  thprc  abuuld  he  3 
yarda  of  Hue  for  each  4  mulea.  If  the  4-mulc  wagons  are  8  yards 
apart  In  park  aod  the  B-mnle  wagona  4^  yards  oiiart,  tongue  to 
toDKue,  each  team  at  the  picket  line  may  stand  in  A'ont  ot  Its  own 

Ptclcet  IlncB  are  of  two  klndn.  vmnnd  and  htKb.     A  Kromd 

line  !■  stretched  on  the  ground,  attached  at  Its  ends  end  at  In- 
tervalfl  of  about  SO  yarda  to  stakes  or  some  other  fonzi  of  boldfaai 
A   1   Ini-h  rtlBmoter  rope  of  sufflclpnt  length  should  be  carried  for  the 

..J . ..  jeceasary,  a  ground  (ioe  mny  be  made  up  of  picket 

laab  ropes.     A  klak  line  Is  stretched  oa  trees  or  stakes  aet  In 


sF'i" 


und.     If 


grouDiL  holes  Bbquld 


__  ...  _a  larjie  enouirh  to  take  the  iloo.     From  ei  .  .  .  ._  ,  _ 

should  run  obliquely  to  the  ground  and  he  atlached  to  a  boldtaBi. 
A  high  line  tor  temporary  uae  may  be  obtained  by  ruDOIng  every  arth 
wagoa  to  the  (rout  and  streteblng  tbe  line  across  them.  The  end 
wagona  should  be  loaded  ones,  and  alt  must  have  the  brakes  aet. 
Picket  llncB  will  be  Btretcbed  with  tackle  It  any  la  at  baad :  otherwise, 
by  the  following  method :  Atiaeh  the  rope  at  one  end  and  lead  It 
tbrougti  all  the  sapports  or  fastenings ;  about  IG  feet  from  the  otber 
end  make  a  bowline  in  tbe  rope,  pass  the  end  around  or  through  tha 
end  faateolng  and  back  through  the  bowline.  By  bauUng  on  tlie 
end  of  the  rope  the  necessary  strain  may  bo  set  oa  tbe  line,  tbe 
bowline  artlng  as  a  alnele  block.  The  end  atakea  of  a  high  line 
should  Incline  outward  sllglitly. 

Tlie  picket  line  Bhoalil  be  Attpbed  If  It  Ib  to  be  used  for  sorar 
time,  and  If  tain  threatens  It  Bhould  be  ditched 
The  only  ciceptlon  Ib  when  the  line  I 
slopes    from   It  In   both  dIrcetloDS.     Op. 

about  B  yards  from  tbe  line.     If  the  nouad  slopes  along  tbe  I 
the  ditch  wlil  be  parallfl  to  It,  and  will  have  an  outlet  a-  "—  '■ 

end;  otherwlee,  Ine  dlt^  moat  be  farther  nphlll  at  tbe  : ,  __ 

will  have  an  outlet  at  each  end.  This  drainage  should  t>e  kept  'i 
mind   III   locntlDg   tbe   IIdp. 

20.  Stabile  dotlear—The  prime  recfnlaltei  1n   atal 
fri*e  circulation  of  air  wlthmit  drafts,  equable  tempi" 

and    cleaollnpBB.     Grain    Is    fed    at    reveille  by    the   p 

When  the  animals  have  finished  eating,  those  to  be  used  arc  ham 
and  hitched  np.     The  rest  are  turaea  into  the  corral  or  tied  a     .^, 
picket  lloe.    The  ainble  police  then  fork  ill  rienn  end  dry  beddllH 
to  Iho  head'  of  the  stall  and  work  the  rest  of  the  manurp  into  pIL^ 
ready  for  loading.     The  manure  wagon  Is  driven  down  the  aisle  a 
loaded.     The   hay  Is  then  distributed  ^  " --*  "-  -•* 


nthe  1 


should  be  hopg  on  racks^li 

"croomrS 
~     should  be  groomed  e 


.,Gooj^lc 
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coming  In  from  a  Ihue  muddj  coaroli  the  wet  iiiuil  should  be  wiped 
off  with  a  wisp  of  Btmw  before  It  dries  suii  liarileiis.  I(  the  anlmsi 
WILL  uot  Btnofl.  tip  up  a  hinci  foot  bh  dpBcrlbed  in  sJioHng.  Always  tie 
up  the  tnot  on  the  elde  opposite  to  that  wtalcb  Is  to  be  eroomed, 

^1.  ShlpplUK  mnleii  br  rsU. — The  cars  turDlabed  mar  be 
eltlier : 

The  palace  stock  car,  length  36  to  10  feet.  capacitT  10  to  20.    i 
head :  encli  BDlmal  Id  a  separate  stall,  with  a  compartment   toi  at-^ 

The   Impi-oTed    Htock   car,   length   86   feet,    capacity    ^0   to    2*    ! 
head,  wLtti  laclUtles  for  feeding  and  watering  In  car.  or 

The  Di-dlnary  mtock  car, length  SO  to  34  teet,  capacll;  IB  to  20i 
bead,  with  no  appliances  of  but  kind. 

Before  loading,  examine  the  car  carefull;  to  see  tbat  the  Hoora  arK 
not  rotten  or  broiien  :  that  the  aides  are  seciire,  and  that  there  are  aoi 
projecting  nalla  or  spllnterB  on  the  Inaide.  The  car  should  be  cleaned 
and  the  floor  covered  with  snnd  or  sawdust.  Ha;  or  straw  should 
never  be  allowed  In  a  stuck  car  on  account  of  the  danger  from  flee. 
The  man  In  charge  ahould  be  provided  with  a.  lantern,  bucket,  and 
hatchet.  The  latter  Is  to  be  uiied  to  cut  away  part  of  a  board  la  case 
an  animal  geta  hia  hoof  through  the  aide  of  the  car. 

Except  In  verr  hoc  weather,  pack  the  animals  entigly  In  the  car.  aa 
thfv  will  ride  better  than  If  looselv  packed.  If  od  animal  tails  dolvn 
In  the  car  It  will  be  almost  Impossible  for  It  to  get  up  without  aaslBt- 
ance.  The  attendant  should  enter  tbe  car  at  the  end  and  crawl  along 
the  side  nearest  the  animal's  head  until  he  Is  reached.  Take  blm  by 
the  bAlter  and  raise  hla  head.     With  this  aaslstaQce  he  will  probably 

St  us.  For  loading,  use  the  railroad  platform  or  the  luadltig  ramp 
und  at  railroad  stations,  or  make  a.  ramp  welt  supported,  with  strong 
sidea,  and  with  cleats  on  tbe  floor  to  preveat  slipping.  Lanyards 
ahould  be  attached  to  each  alile  of  the  floor  near  the  middle  and 
mude  fast  tu  trues  rods  or  door  flctings  of  tbe  car  to  prevent  the  lamp 
from  sliding  oK  the  doorslll. 

If  himber  la  not  at  hand  a  ramp  may  be  made  of  poles  and  brush, 
supported  on  trestles  and  floored  like  a  bridge.     (See  Bridges.)      As  a 

I — 1 L  .1 >  — n.    reaching  as  near  aa  possible  tr 

siae  or  the  car,  ana  onage  ine  gap  — "^  " ■  — 

.^or  lD:idlne  with  ImnrovlsAd  facllil 
Intu .    ___. 

Lead  the  animals  up  the  ramp  and  Into  the  car  and  take  off  the 
halter  Btraps  but  not  the  halters.  I(  the  mules  are  shy  of  Hie  ramp 
a  little  hay  tbrown  on  it  will  make  them  less  timid.  Very  obstinate 
cases  enn  be  bandied  by  passing  a  rope  around  tbe  haanches  and  bar- 
ing a  few  men  pull  on  each  end.  The  flrst  animal  Is  led  to  one  end 
of^tbe  car  and  tD«  second  to  the  other  end,  leaving  the  middle  (or  the 
last  ones  loaded.  The  animalB  face  opposite  sides  of  the  car  alter- 
nately. Each  one  led  In  must  be  held  until  the  neit  one  is  in  place. 
Load  quietly  and  avoid  eicitlug  .the  animals  eltLi?r  by  bast^  or  by 
unneeesBBry  delay.  It  may  ottasionaliy  be  necessary  to  blindfold 
an  animal  before  be  can  be  led  In,  Animnls  in  transit  should  tie  ted 
und  watered  once  a  day  at  least,  or  twice  If  opportunity  oflTers.  If 
closely  parted  In  ordinary  cars  they  ahould  be  unloaded  and  eierclaed 
once  in  48  bonrs  and  given  6  boura'  rest 

22.  Shipping'  anlmuls  toy  Hea.— Ships  must  lie  especially  fitted 
un  and  equipped  for  this  service.      Free  ventilaHon  ami   flMinilnBiui 


Importance.  Air  ports  sbonld  be  larse  and 
sails  must  be  set  np  In  every  hatch  to  eacb  deck. 
iBcea,  apeelBl  sir  sbafts  mast  be  built  to  supply 


If  there  a  .  ...     ,    ... . . 

If  there  is  machinery  on  board,  forced  ventilation  8 
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.  -,    -  .- -         -  -  -.  —   „  kngtliwlHfn 

<«t  fl  Incbfd  ?.  to  1^.  Hthwartsblpa  between  tbe  poatB  of  tb*  I 
MDiv  *lall.  The  slnnchioaa  are  we!)  secnred  at  top  and  Itghdy  t» 
ttip  iJoL'k.  Before  Betting  up,  the  tiancbioDB  nre  mortised  for  the  aldo 
iHiHrdH  «B  shown  In  flgures  2i'  and  ;;i.  The  atanchlons  ahonld  be 
furtlirr  etayed  near  the  tops  by  tle«  In  both  dlrecIIoDs,  rastened  to 
ur  llrmly  butdng  HgalOBt  the  framework  of  tbe  yesBel.  The  tlea 
iihuuld  run  Rtralght,  dUregardlDg  tbe  curve  and  sheer  of  deekg.  A 
fuliia  Hoof  of  :i-inch  plank  8  to  \2  IncbeH  wide  Is  spiked  or  holted  to 
tliv  deck,  the  pliiiika  rannlog  lenethwlse  of  the  aCalla,  with  J-lDCh 
H]inee  between  tbem.  tf  the  ship  la  la  be  used  fur  this  purpose  for 
■  eooKiderable  time,  the  floor  should  be  doidile,  with  tar  paper  brtween 
the  eournee.  The  floor  Is  cut  closely  around  the  feet  of  the  stanchiong. 
Hardwood  cleats  are  placed  across  the  stall  sod  fastened  to  the  false 
floor  with  screws.  In  splliliig  down  the  false  floor'the  nails  should 
be  BO  driven  that  thalr  heads  will  be  covered  by  these  cleats.  Larger 
deals  are  laid  lenathwise  from  foot  to  rear  posts.  The  stall  par- 
titions are  ot  S-lnch  plank,  amoothly  plaued  (Sg.  22),  Inserted  la  tha 
morllsea  in   tbe  atanchlons.  and  the  rear  ends  are  closed  by  haunch 

Sleces.  These  are  shaped  as  sbowo  Id  secciaa  In  figure  23  and  are 
iBtened  by  lag  screws  to  a  plank  bolted  to  the  rear  posts.  The 
haunch  piece  Is  adjustable  In  height  (Qg.  241  and  should  be  pieced 
BO  that  Its  bottom  edKe  will  catch  the  mule  2  Inches  above  the  hoclt. 
The  front  la  beet  closed  by  a  heavy  canvan  band  8  Inches  wide,  with 
reen(orced  edges,  a  spreading  stick  at  each  end  and  a  grommet  in 
each  comer  fur  lashine  It  to  the  front  posts.  A  light  strap  over  the 
neck  will  keep  this  band  In  place  like  a  breast  collar  and  th-  " — "■ 


'■SBlcr.    PruiectlDK  nails  must  be  avoided,  edges  and 
-'•'  — -aded,  '— --  ■•-'—  '-' •■  — •  — -"  — "-•  — 


ay  BDd  ride 

_, . .TB  smoothed 

.Dd  splinters  removed,  and  all 


parts  which  the  mule  cnn  reach  Bich  bis  teeth  should  be  sheathed 
with  metal  or  wrapped  with  wire. 

"        '     '    stalls  the  pi'Hts  are  capped  to  form  supports  tor  a  root 

.„■     _.ti.t    „v-...j    ., grp^    „](!,    ta,.    pj^p„,       Tl]g    BtHjU 

This  IB  bent  dune  te  Inserting 
diagonals  between  the  posts  of  every  fifth  or  Blith  parlltl—  ""■- 
entire  strncture  must   be  thoroughly    etnipped 


ivered  with  tar  paper.     The  stBlla 

■    Ht  done  to  Inserting 

ilith  parlttlOD.      The 

......V   Ktrn-'tiire  mUHl   bp  tnorouirblv    ptmnnpfl  i"   "~'    *" —    """    ^'-~ 

deck. 

tinder  no  circumstances  should  any  slock  be  loaded  UDtQ  the  ahlp 
la  ready  to  sail,  completely  equipped,  supplied,  and  manned. 

YVnfertniC  is  easily  done  tiy  bucketB  filled  from  a  hose,  the  noule 
of  which  Is  carried  along  the  aisle.  The  nozzle  should  have  a  cock 
to  enable  the  flow  to  be  controlled  at  the  end.  The  sapply  should 
not  be  less  than  10  gallons  per  inulc  piT  day.  If  condensers  are 
oeed,  there  should  be  Beverai  rtsya'  supply  In  fresh-water  tanks  to 
provide  against  a  breakdown  ol  the  machinery  or  the  use  of  water 
not  thoroughly  cooled. 

I''erdloK   is  best  done  on   the  false   Boor  In  front  of   the  stalla. 
nailed  down_  tO  form  shallow ^boies  to  bold  the  naln 

,.     .      — ^Ife  S"^4"^' 

Srst  day  out.     The  second  day  a  halt  ration  should  be  fed  and 
-reased  by  small  guantttIeK  If  (o and   necessary   to  keep     " 

1   condition.     Bran    mashes   with    salt   should   be   fi'd   c  

'In-  feeding  the  deck  should   he  thoroughly  cleaned   and  such  dls- 
ts  as  are  to  be  used  should  be  applied.     Then  the  hay  should 

<ttt«r  to  leave  one  vacant  stall  in  each  tier.     Kemove  the  Hid* 
•A  ahlft  the  next  animal  Into  the  vacant  stall.     Ciena   hia 
tngbly  sod  shift  the  second  animal  Into  It,  and  so  on. 
"■K  and  DnInBdInK  the  animals  should   lie  led   un   nnd 

and  gangways  It  possible.     If  they  are  tc  _.  

Igbters.  or  dropped   into   the  water  to   swim  asborea. 
tt,  atall  must  be  used,     After  landing,  anlokals  abor 


in    place.     In    heavy    weather    it    may    be    better    to    use    nosebags. 

aralo  Bhoald  be  fed  early  in  the  morning.     None  Bhuuld  be  given  tlie 
V  Srst  day  out.     The  second  day  a  halt  ration  should  be  fed  and  (n- 

t  creased  by  small  guantttIeK  If  (oond   necessary   to  keep  the  anii 

i         In  cond'-'  -    -'     ■■   "-    '   ■     -   -    - 
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AimUX  TBAHSPOXTATIOH. 

be  corraled  icltb  the  sborCest  posallile  ninri^b  adH  shnuld  lie  alio 
to  rest  3  or  4  dayn  uuik'r  i^oDditlona  wbii:))  permit  graclaal  liter 
of  aytiyltj. 

Tbe  BllnK  abould  be  5  feet  long  and  2  feet  wide,  of  heavj  can 
reinforced  at   the  edges  by  a.  2-mcb   blading  of  the   '        ' 


n  stCacbed  to  eacb  end.  around  the  si 


Inch  et"'eader.     A  loup  ut  li-'. 

the  other  3  feet  Iode,  meaBUFed  from  the  middle  of  the 
.....       .  itcbed.     Tbe  looB  loop  has 

r  fl:[ed  at  Its  middle  point 


Tbe  looB  loop  has  a  heavy  Iron 
'  --  ■-  BiMdle  point.     Breuat  and 

- -cross  the  canTBs  3  Inches 

1  the  outside  of  tbe  sUog.     Tbcy  »hoald  be  6 


KradoaUy. 


_ .  ng  hJoch  engaged  1      .    . 

imall  ropes  are  passed  around  the  shoulders  and  baunches  aod 

Tbe  animal  should  be  lifted  from  bis  feet  quickly  and  set  down 
lUy. 

ftyins  stsll  is  a  stoutly  framed  box  open  at  the  tap  and  high 

^    to    prevent   the   mule   jumping   out.      The    inside    abould    be 
6  fret  6  inches  long  and  30  inches  wide.     The  enda  ehonld 


1  outward,   wltb   het,yy  latches  ,« 


top  arranged  1o  be  operated  hy  lines  trom  a  distance.  The  floor 
should  haye  aeyeral  cleats  running  from  side  to  aide.  At  eacb  co- 
ner  a  1-locb  rod  abonld  run  from  bottom  to  top,  terminating  ia 
heavy  eye  or  ring.  To  the  rings  aiings  should  be  fastened  converg- 
ing to  the  center  where  they  are  Joined  together  to  take  the  hoolc 
of  tbe  tall.  Tbe  slings  abould  be  kopt  apart  by  spreaders  high 
enough  to  clear  the  mule's  head  to  prevent  a  croaa  strain  on  the 
aides.  Guya  sbonld  be  provided  Co  control  tbe  stall  in  raising  nod 
lowering  to  prevent  Its  strilrinB  the  edges  o(  hatches. 


I 

I 


icdtately  on  landing,  animals  may 


he  shipped  with  ebuea  on.     In  this  esse  aboea  should  he  : 
For  long  voyagea,  shoes  should  he  removed.  -* 

Animals  ahould  not  be  shipped  lu  high  condition.  If  not  worked  lip 
to  the  time  of  embarking,  give  eierclae  and  reduce  feed. 

ZS.  AcfDniita.l>flltT  for  public  antmala. — A  die  of  dencrlpttve 
lluls  of  public  animals  will  be  kept  with  tbe  recorrta  of  every  offlcec 
reaponslblB  for  such  animals.  It  will  contain  a  description  of  every 
animal  recrfved  and  transferred,  showing  tbe  kind,  name,  age,  slie, 
color,  marks,  branda,  or  other  peculiarities  of  each;  how  aud  wbi'b 
aognlred,  and,  H  disposed  of,  in  what  manner ;  tbe  name  of  his 
rider  and  driver,  alia  the  tse  to  which  applied. 

A  complete  descriptive  llKt  of  each  animal  will  be  made  at  tbe  time 
of  purchase  and  will  accompany  him  wherever  he  may  be  transferred. 

When  public  animnia  are  Issued  or  trnnsferred.  tbe  person  In  charge 
"  '"   '  e  provided  with   full  and   accurate  descriptlTe   lists,   which   he 


11  detiyer  to  the  receiving 

" B   Shall,    on    __, -.    

a  the  left  fore  shonider,  the  lettera  to  he  2  Inches 


.mala  shall,   on   tbe  day  recelyed  be  branded   i 
'        shonldei ~  " 


hclgbt. 

Public  animals  will  be  assigned  tn  their  riders  or  drivers,  who 
win  not  exchange  or  surrender  them  to  the  use  of  any  other  person 
wlthont  the  permlasion  of  tbe  company  commander,  qnartermaaler.  oi 
other  oOcer  responsible. 

24.  Bn^fneer  combat  tralna— Componttlon  and  dlntTlbn- 
tlon. — Each  engineer  regimental  headquarters  baa  two  tool  wagons, 
eacb  drawn  by  four  males :  one  is  a  tool  wagon  of  tbe  escort-waflOD 
type,  carrying  map-rcproductlon  equipment  and  supplies.  The  othei 
regl  mental-head  quarters  wagon  la  a  spring  tool  wagon  of  a  special 
design  ulmllar  to  the  ambulance.     It  Is  provided  with  lockers,  drawers. 


reconnaiasBnce,  surveying,  and  mlscellaoeous  equipment  and  supplies 
Bach  battalion  headquarters  oI  an  engineer  regiment  has  one  tool 


EHOrNEEE   FIEID   MAITirAL. 


j,q,i,i.:dbvGoogIe 
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by  four  inulei 
bkckBmlth  Bi 


two  tool  wflgoDB,  each  dpa 
.  .  le  eBcort-wagon  type,  cr 
BQd  ploDei^r  equlpmeat  aad  aupplleo.  The  other  Is  a 
luui  »nKuii,  same  as  prOTlded  for  rEglmenla]  beadqaBrtere.  and 
ing  drafting,  photographic,  refonauissance.  survejlng,  and  m 
Peons  equipment  and  supplies.  These  equipments  and  supplies 
asme  aa  In  regimental  sprinc  too!  nagoD.  eicepc  that  the  euj 
outflt  of  the  iDDiiDted  battalion  1r  about  ope-haR  that  of  t' 
tegmeot. 

For  the  tool  wagon  of  the  escort-wagon  type  prorlfle 
mental  and  battalion  beadquarters  a  special  buay.  longer  tl  _^ 

the  stanilanl  escort  wagon  apij  provliled  with  special  compartmenti. 
Is  under  consi deration,  this  bod;  to  be  pieced  on  the  standard  escort- 
wagon  running  gear.  inodlSed  only  by  provision  of  a  longer  reach. 

Each  engineer  company,  regimental,  has  two  tool  wagons,  and  a  com- 
pany nf  mounted  engineers  has  one  tool  wagon.  Each  wagon  Is  drawn 
by  lour  mules  and  has  the  running  gear  of  the  standard  eaport  wagon, 
«icept  that  the  reach  Is  1  foot  longer  than  Id  the  standard  escort 
wagon.  All  company  tool  wagons  are  lUeuMcal  having  a  special  bofly 
containing  drawers,  racks,  and  compartmppts.     The  loads  o'  -" 

Jiany  too!  wagons  of  both  reglmentnl  anil  mounted  compacie 
dent  leal,  except  that  the  pbotogiapblc  outfit  of  an  engineer 
regimeptal.   Ie   not.   lihe   the  other   equipment  and   suppllei 


impany. 


arrled  on  e' 


t-B,   5-A 

nslatlng  of  12'inDieB  ( 
cli  toofboies  r—  •  ■ 
d  5-B,  and  2  a 


t  will  normally  b 
Istlng  of  eight  i 


md  companies  of  mounted  enalneefd 
slating  of  12  miileB    (10  mules  fo?  two 
pach  toofboies  Nos.  1-/      "  -    ■     ■ 


-AZ 


the  oM- 
^glmental, 
'a-B,  a-A,  a-B,  j 
^ — 7POF*3 


pack  U^MS 
..  -^■j-gj^p  4^A;^4-B75Hm 
.rt  packs),  " 

ntl»n.^A11  engineer  c ^ 


mules  for  ordinary 

i.*i.     nuuri.-ir    uf    isnpillr    ttt    tr» — -___, _ 

bat  transportation  Is  furnished   by   the  Engineer  uimHruneui. 
the  fuIlDWlDg.  whk'h  are  furnished  by  the  QuactermHster  Corps.  _ 
milles  and  harness,  pack  mules  and  ordinary  transport  nparejOB, 
ordinary  transport  equipmeot  pertaining  to  the  aparejos. 

26.  MsrklnK  at  tool  HaKOoa.— All  engineer  combat  wagons 
marked  with  the  designation  of  the  dlvllloQ,  reglmeut  (or.  Id  tbe  i 
-"  -counted   engineers,  the   battall~      ■"■- -'  "•- '— 


design  at 
battall 


luJ  serial  number  of  the  » 


I    the 


e  with  the  system  nrei 

as  shown  in  flgurea  27.  38,  and  20. 

BBer  regiment  or.  of  each  battalion,  ore  numbered  aerla 
with  the  regimental  or  battalion  headquarters  and  taking 
panles  Id  succession,  beginning  with  Company  A. 

27.  Tool  wBKou— Kinds  and  load*.— The  followlog  ._ 
clpal  elements  of  the  wagon  loads  of  the  engineer  combat  train.     _, 
full  detailed  liats  the   Engineer   Unit  Equipment   Manual  aboold  f 


k 


jigiiiz.d  ..Google 


ANIMAL.  TBARSPORTATION, 

OF  HKADQUAKTEIiS  TOOL  WAGONS, 


,..,,    , 

EiwbMBrwgimBnt. 

ba% 
quartets. 

Si 
bead- 

BallaUon 

Anvil,  B.  S.,  IQO  pounds,  with  B.  S,  apton, 
coal  bogs,  clilse^,  clinoti  eutlec,  DlUubing 

1 

i 

^)\to''^  b*!  tf5rt?-««mdj,  ft'wf  by 

SboeW  oulfll,  incMding  sb.;^  knlyw,  toe 

^SSP""'"^"-'"^" 

Blacksmitli  sup  pliea,  sets,  coosistinrof-^ 

Borai,  5  pounds;  oo^,  blacteonith's,  i  bush- 
els; oails,  horaesboe,  2B  immds;  nuls,  as- 
5ort«d,  lO.pounds  (sizes,  |,  ),  },Bnd  Itaoh): 
oU,  macbltit^,  1  quart;  sCcel,  lolt,  bus,  lEe 
loot  (sizes,  j  V  1  Inch  and  a  innhes;  1  by  13 
inob  and  '2%&<^:  1  by  2  Inohes:  and  1 1 
and  1  ineb  round);  steel,  tool,  5  ieet  (size,  1- 

Map  r"  ™SS™l;,;4i;,Vn.-. 

!l,i^k|.t.,.-.|.-,,p..V-r;"'";iraolty,  14  quart!). 

2 

;,'"    '                             ■]■■'"  bot&s,  bowls. 

Frames,  blue  print,  24  by  30  inches,  wltU  ttaj 

Screw  drivers  (J-lnch  blade) , 

ENOnrEEIt   TIEID   UAUITAL. 


th  sbield,  comiileU. . . 


StovM,  oii.  siofl 

TanU.lienmr 

Taw>b,t»U..! 

WWMh,  monkor,  la-inoh 

Ztnaogiulilo  outnt  nippElw,  aeta,  tot  tittaiof 
tUu  tma:  NltHo  Bcld.  S  pouBdu  flash,  12 
canii  pnmke,  B  pounds:  caustic  soda,  10 
pOUDd).  For  pfaatocraphio  tmisler: 
BrowB  prtot  paper,  30-lnoh,  10  jBrds: 
ohrnmlo,  9  poundK  phosphorlo,  a  pounds: 
and  tMuUo,  1  pouw;  albumtn.  3  pouods; 

oottol.  3  poimdi.  For  direct  traiolBr  proo- 
tm:  Autwaphlo  papra,  IT  b;  3D  iiiah«s,  2 
■TOM:  tDDehe,  *  oaaorsi  ■utogmphic  Ink,  s 
oonoBa.  Pot  MiAkliu  and  reloaddng  pMr: 
rhrnmlp,  pbmpborlc:^  taimlci  aokts;  alum, 
pi>nd<>m1.  2  pounds:  asiAaltam,  1  poand; 
Uvondrr  oti,  I  ouboe;  oUra  oQ,  |  plu:  buuiu 
oU.  N  fiiinivs:  bnuirai:  diani'S  Mood,  1 
■   — m  uabic,  l!i  p<wm&  etdilnc  Ink, 


p-J!5fflSs,?JS?,:.""::::::::;;::::: 


} 


Battalion  bi 

bead- 
quartcTS,  qi 


■•1 
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rmy-wagon  aiwssorfes  {furnished  by  the  ijuar- 
fmtjcomb,  borae  brush,  whip,  and  bucket, 

<irease.  auls,  ponnds 

J  haJIer  with  strap  ■ 


erCort 


parts,  extra  (rurnished  by 
'-rps): 


Ruckles,  I,  i. 
Clips,  Irace., 

Rings,  i,X>' 

Straps,  hame 

.rmy-'waBonhomaMacressorie -_, 

DiBhed  by  the  QiiBrtermasler  Corps): 

Oil.  neafs-fool.FBllor 


id21nch{lofeiu:h) 

soppHtaVlni 


e.flited  withS: 


a  bBtMlirai 

head- 
.  giurUn. 


(6)  LOADINGS  OF  HEADQUARTERS  TOOL  WAGONS— SPRING. 


Drarting  equipment; 

Baud,  drawlne,  31  by  li!  Inrbas,  'wllh  instle, 
vith  tha  folKn*ln^  equipment:  Office  aet 
drawing  lostninjenis;  proportional  divid- 
ers: steel  eraser,  eiBsltig  shield;  D>apm«w- 

l!-iiici>,  BDEineer;  scsfe,  'l2-inch,  architecl; 
slab,  Ink;  slide  rule,  PMncb:  T  Bquara,  42- 
inch;    Irlangle,  ^"-60°,  UHiieb:    Irfuule, 

jS'.tWnch : sels.. 

Lamps,  BcetyleUB.,.. -- 

Panlograph — 

Tent,  bospitd,  regnlatioa,  with  shield,  codX: 


I>rHf  line  gappitei: 

Bwb,  nole  (3);  erasers,  rubber  (3);  Ink, 
drawing,  bottits,  black  |2\  blue  (I),  brown 
0),  carmine  (tj:  ink,  India.  I  slick;  paper, 
blomng,  3i_by  91  Incliaa,  I  3oien;  cross-sec 
lion,  20-Inch,  B  ystda;  iawlnt-,  30-inch,  30 
yards;  mrapidng,  «  by  iS  Inches,  sheels,  2 
doien:  pans,  trow-qUlll.dOMn,  with  holder 
(1),  mapping,  da»n,  with  holder  (1)1  pen- 
cils, drawing,  H,  aH,  and  SB  ( 1  doun  each}; 
pi)ndl-p(i!ntlogIii>d(l),5oralcli(2):  tbumh 
lacks,  3  doien;    iradng  cloth,  avioeh,  24 


4u4 


«M  IHODniE  FIELD  XAXVAX. 

(t)   LOADINOS    OF    UBADQUABTERS    TOOL   WAaONS-SPHlNO- 


01  batt&liiHi 

htsd- 
I.  quarten. 


AihI  llH  toUmrliiy  miii'* 


I 'Inn,  V 


Italislthnn 

Tau*.  wUiMv^  Rilb 

Twin*,  hMnp,  imitiiY  tmll 

U  Iw-vlliinMin!!  ihiulpnMii : 

MnniMb.  FnKinHV  KloKI 

I  'xlliVlit,  llMW 

l'li>M>i«nnhti>  Hiapmmil:  Oiun«n.  3A  <;nflfn, 

HllIl^lllllnlt1^l<Ml^n11rnNo.ll 

Vixl  IK*  (nlkuKliiA  *n<mnrt«>:  Anal*  invs  <4V  , 
iMili  Itnnlt  |4\:  (vnnu  hiickfti  {i\:  A*Buiit  i 
cVm.  iln|ilMiUn|  1uik»,  (M:  tlm  lank:  pad- 
iwli>.  ^HMMw  lOMiiwaphM:)  naiuial;  |>lnl-  , 
iiw  (ntmn.  1  tiy  ;  inchn  (2V  nihlwr  hhmkMt  i 
1."  l»^T)llmK  RtMWf.Mtvh:  ipMllnjthnKh: 
\iiiiinArMb(jt;  thMnMm*i*T. wi,. 

lVx#Id|Wf,  II.  *4.  *n4  r>m.  nuik.  baiwi  of 


tli|wnrtil.l-|>mindtii 


I  ■a.-i«  »p!»MKi;n«nfirt-:»J*Mwnt 
V .:»  ■::.lii.'M- Mtj  InKtRit  IMpo.):  iiTT.ii 

\  -.A  ilv  Ml.ii-tnF*-1.t'iMtuilNininnK:i! 


./Google 
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(b)    LOADINOS    OF    HEADQU.VBTEiiS    TOOL    WAIIONS— SI 


Engineer  legiment. 

Moanled 
engl- 

quarters. 

-.:. 

EattaUoD 
head- 

I\:ncila,  drawing,  H  (12).  blue  (14),  red  |H), 

^ 

1 

'°"SSX^^'- 

,a 

fS.'SaSK'SS".'-''-'"''::- 

"    .iWll(2);fiWcirSSge,3j,4yTilliSI 
'  UBK,  1  hr  13  IndHs;  Tnacjifiu,  ^  by  21 
iDcfiu;  i-incb  tli«.  2I0CI1  |Z).2^1tu:b  (4J;  A- 

1 

iS^yrsfiSs^'^'"-'-----;--- 

\ 

a 

sisissss-^-^i 

'a^S3s.srt; """  " "" 

• 

Harness  parta,  Mlra  (liirniahed  by  the  Quarlet- 
maalCT  Corps): 

! 

Hwrnalrapa 

4SB  ehbhteeh  field  sunual. 

(6)   LOADINGS    f'F    HEADQUARTERS    TOOL    WAGONS— SPRING] 


Harness  mfM,  pitra  (Iiiraishcd  by  the  tiuarWr- 
Dfutfli  Corps)— CanltDiied . 

Klngs,J,l,lJ,Bnd2inch 

Snaps,  1, 11.  and  IJinift — 

BunesB  accessories  (fiirnlshed  by  Uie  Quarier- 
master  Corps): 

OU.neat'B-ioot.gaUons -... 

Boap,  haroess.  pounds _ 

AddlOonsl  EapplTes  (furnislied  by  the  Quartrr- 
mastsr  rorps|:  Bboes,  mule,  fllteil.  nith  S  nails 

(i:>  LOADING 8  OF  COMPANY 


Engineer 

iDne^hall 
ilquan- 
tiiies 


extm  handle  I;  ratchet  bnm,  and  bits  i 


idlB);  c . 

nohoarpenlflr'jli 
ne;  pKers:  phimh 


and  bits  (2auEer,leinwiisfDa, 
Ding,  baadl(>f(3),  (one  extra 
Ivldks;  draw  kMIe:  files,  saw, 


,,      >liBDdlB);ral;ehel8(5)! 

L  mallet;  oiler,  i-plnt;oi1sl4jne;  wik- 
■     ""   t(9):saw3,  haidlri 


bob;  rules,  Mont  (I 


steel,carppnlpr''i(l|,tr)'(l)itape,  n 
Carpeiil?r*s  supplies: 
C-halk'liUi 


it;'TTj«« 


Pencils,  carpenter's,  docen 


Tsn^ 


AUIJUI   TKANSPOHTATION. 

(e>  LOADMOS  OF  COMPANY  TOOT.  WAtJONS— Ton 


,.      ,;^' 

Rnslneer 

mental 
tone-half 

w^(on). 

nom- 
pan^of 
mounlfld 

A  ugsrs,  eailb,  hondlfd,  and  ship,  handled.  ll.inc*;li«ra, 
pinch,  terse,  and  wood.  tampliLe:  cold  cUail;  slnglt  bit 

Pi^mattoa^s,  E.  ii.  'pattfrn,  "  bitrent-iiiiiE,"  hantlied... 

3 

2,000 

DemoUtltm  auppllea: 

a 

Dialling  equipment: 

, 

Ssla^l^SSS 

""SSKSSf. 

■g 

ffiii3sl5^!»'^!=5i!^;;; 

« 

Inches  (2>:  blDtUng  papei,  3}  by  Oi  Inches,  docen  6); 

^K^^f""'^'^^'''™'""''""'^""'"-- 

1 


■iiiilp 


xvomKB  nzui  kaviul 

(B)  LOADINOB  OF  COMPANY  TOOL  VAQONft-Omtlnued. 
Enghiaer 


....^-plieoiilpment: 

noolograplis,  day,  30  br  24  Inches 

I*vo1m-s,  hectograph 

Sponges 

HectoiTaph  suppilei: 

Ink,  green  (1),  red  (l),TlolBt  (2),  bottles 

Paper,  book,  19  by  34  Inches,  quires 

H'"*"*""""  egnJpmmt: 

BiiB9tcrDaill,two50-pot]nd,  ODeiao-pcuDd 

Bnoketi,  gBlTaDli«d-lrau 

<^ni,  grivaniied.iron,  S^ftllon 

HawUea,  shhhcuiger  (i),  sledge  (i),  iiaiohei  (j)i'p'ick- 
niBttiJckta). 

LanMcns,  dart  (3),  Dieti  (a) 

Manuals,  Engineer  Field  (12),  Ponton  (1) 

MarllnspUces 

Padlocb,  bram. ^ 

Stamps,  steel,  sets 

Btencili,  sets 

Ulscelloneous  supplies: 

Cani-as,  ll>oimce,  width  3B  inches,  yards 

f  irease,  axle,  pounds 

Hnrline^pounda 

Naila,  a>penn;  (100  pounds),  SO-peuny  (50  pounds], 
l^-penny  {50  pounds) 

Oil,  signal,  Eallixu 

OH.  mBBhue.  qoarts. 

Staples,  pounds .-. 

Sorewi,  tsnrEed,  ftm. 

Wleka.  extra,  dark  lantern  t6),Dlett(IZ) 

Wire,  B.  A  El.  No.  16.  pouada 

Photographio  equipment; 

Camera,  SA  kodak 

Tripod,  metal,  folding 

And  the  roLloving  accessorira:  Bubber  btanketa  (2): 
miTaa  buckets  (2);  bulb,  rubber:  pmtlini  frames, 
.1  by  T  liK^bes  (2);  graduate,  S  ounces;  ruby  lamp: 
I'lioiographsr's  Maoual:  stirring;  rods  (2);  shears.  S 
ini-hMi    ulm    tank,    3t -inch;    ihermoroeter:    towels, 

'^hotiwraphic  supplies; 

Alhiims  lor  S\  films,  site  ai  by  51  inches 

Devdoner,  M.  Q.  end  Pvro,  8  boMseach,  bines 

Pilms,  3A  siie,  S  exposures,  siie  31  by  5)  inches 


mounted 
englneeia 


./Google 


AirlHAL   TRAHS70RTATI0R. 

0  LOADINOS  OF  (.'OMPANY  TOOL  WAOONS— ronlinuwi. 


Knglnmr 
(une-taair 

Com- 

I 

31) 
500 

pound;  twine  bad  (J  ounws):  diWMClotli   whitB,  3 
varda;  pholo  Pilpa  (12);  rormBlin,  1  pound;  inlOTsI- 
flHr,  tn^  (1):  [o^plna  nil:  prKasahim   bromicle 
tBtaloid  tuba  (t);  redneutulis  (1);  and  wEoka,  ruhy 

, 

nioela.  S-iiSchTdoiitiie;  S-ln-h,  single:  tlnch,  snatch; 
and  S-loch,  Triple 

< 

nammen,  s]ed«ii,  handled,  ^Lpound  . 
Hradlos.  est™,  ttd«,  SWnch;  m,  3t 
ToadTlwnflh;  »«,  aroMoul,  l-mac 

i^irictiVpfcii'riil-" 
;  and  saw,  ciqb- 

^ 

ractotf=,  Willi  FluNiih^ 

E.  ri.  pultcm,  "intn-nphinf."  hjr 

.ik'l   .. 

15 

Bupe.raanllB,  Hnch  diameter,  !ifi 

230 

Shovols.E.  D.  pattern,  "InlmKhins' 

30 

EHBIHEE2   FIELD   MAKUAL. 
r)  tX)ADINGa  OF  COMPa.VY  TOOL  WAGONS— Canllniied. 


■Iter  mppllca: 


r^iSM^r 

.wtthbiDdsn. 


diUBler,  StViDoC  {13),  ^iaCh 


Mm 

■  Otmamt 


AetOliu  mtflt.  «acb  canUiiiing  sbtCtdnf: 
,iHaiu,  with  alludB,  abd  Mdlsg  uipodi  tenice  eti- 
■oaKlen  tiaiing  oad  Ixtfdei;  pcacil  pocket;  rectsngu- 

bi  IxvLnctar  iBd  nDa  UUy 

*BJlDowtm  addlMomJ  eqiJpiiieDl— 


Ow«n^bm(3),pdaBAIlc,withcaai(j},walcb{»). 

oiinM«;ri,«iaie«M..";"..:"!!:""":"""":": 

PjwiHgto.^-.---- 


beiqv 


^Aby3jinchea(aj. 

lioB,  inen 

Nun,  aiie  (ooe  R.  H.  sod 


nuKii,  lOD^,  ilD^Dee,  extra  i  of  eacb) 

HlTOt^lron,  X  br  1|  IDAU  (S)  And  i  b;  3t  iDcbs  |i;. . 

~  any  tool  wagoa  uxessaiws  itm-ai^ied  bf  Ube  Qmr 

j<»  bagi,  Miera,  ind  straps  (o(  eadi) 

vnnyromb  and  hotBB  brash  |  of  »ach) 

^•w,aile,  ponndi 


-Coojp; 


ANIMAI.   TRANSPOBTATIOH. 


IWrMW.iill 


rs     -1      -1     -1    ■,^' 


EirurKEEB   FIELD   SAITUAI. 

:)  LOADINGS  OF  COMPANY  TOUL  WAGONS— Canlii 


given 


SB  paru,  extra  (fumisheil  ht 
mpt,  inet. .. 


10  Quanermaster  Corps) : 


IIiirae!isacw3soriu3(Cunil3 
Soup,  harncsSj  pound? 

wlrtTwiie]  iponi' ' " " 

^ildltlonsliuppIieBi 
^uJo  sliues,  (Uted, 


IQtu 


SS.  CompHur  pMckB.— MEaOB  of  carrylns  {tt^.  :10).  1 
transport  pscks  tarry  miintiiH  (or  pack  covera),  lilluils 
-ling  ropes,  lash  ropes   (all  furniahed  by  the  Quartprma 

fiirasCi  and  mfucelliiDeouH  siippUea  not  part  oC  tbe  p ,.. 

eiiulpnifut.     Tbe  BpetiaJ  patit  boies  are  carried  on  the  ordlnar;  ti_^ 
[  aparejo,    on  which   thsy  ore   slung  by   a.   special  small   leBd 


attached  to  tt 

'^^'    ;Jnglng  tt 


1  tbe  nnlmnl  by  the  a 


-A  and   S^,  | 

I  of  A  apUCc.    i 

.  _,  attach^  diroa 

to  the  saiDH  pDBltlJ 


>ka  of  the  ^jedal  anildle. 
„  J  tranapArt  paoka. —  (o, „ 

The  tollon-lng  description  of  the  diamond  hltcb  &, 
— ,Drt  packs  Is  taken,  with  alight  cbaiiKe.  from  HaausI  1 
nortation.  Quartermafltor  Depattmeat.  lOIO,  Daly.     '"■-^ 


AHIMAL    TR4HSP0RTATI0H.  *93 


1^  zsGmzzs.  FizLs  : 


k. 


Fig.  33.— Packcomplel 


Ligiiiz.d  ..Google 


AS1K.AL   TEANSFDRTATIOS. 

par  Ekle  of  Ibn  animal,  farlny  toward  the 

atltB.  heloe  slunc  on  th , 

_ .J  the  tasb  rope  over  In  rear  or  thB    I 

animal  ana  inF  cmcba  poFIIon  under  the  animal's  t>ell;  convenient  to 
the  "  ott "  packifr.  who  picbB  up  the  end  of  the  lasb  rope  and  the 
Flnrbe  potllon  nith  the  left  hand  and  stands  erect.  ^ 

The  "  iieaF"  packer  lakVB  bold  ot  the  lash  rope  with  the  rtcht  hand    •■ 
about  6  or  6  feet  from  the  clneha  and  another  bold  with  the  left  hand, 

^„,,„_..  „^.,..  ^  ...»  I .„,  i„j..  Up  stands  close  to  the  anl- 

ward :  be  draws  the  right 

,.9  the  rope  au  wben  It  tallH 

side  paeha,  clearing  the  aDlmal'H 

e  rope  held  by  the  left  bahd.  as 

.......  .d  flRnre  ^0. 

With  the  rlebt  hand  still  holdiDK  the  rope,  he  draws  a  portloQ  be- 
tween the  packs  by  lowering;  the  right  b&nd  bf  hia  side,  arm's  lenglb ; 
then,  reaching  np,  be  erips  the  rope  with  the  left  tumd ;  keeping  th6 
thumb  under  tbe  rope,  be  draws  another  portion  between  the  packs  by 
lowerinit  the  left  hand  by  bis  side,  arm'fl  lenitth. 

The  packer  then  swings  the  bBujdng  portion  outward  to  the  riiiht, 
lirlnRlnK  the  left  band,  still  holding  tbc  rope,  to  the  eibow  ot  the  rlRht 
arm  ;  then  raises  both  hands,  leaving  the  loop  on  the  outside  of  the 
rleht  arm,  as  shown  In  Qgare  S6. 

Now,  being  the  right  baud,  holding  the  rope,  to  the  canter  of  the 

Sack  and.  with  both  bands,  throw  the  standing  rope  held  In  the  right 
and  over  the  center  of  the  load  to  the  "off  packer,  and  the  run- 
ning rone  between  the  packs  held  in  the  left  hand  over  the  anlmnrB 
neck,  allowiag  the  back  of  the  left  hand  to  rest  on  the  aaimal's  ncok. 
With  the  right  hand  draw  6  feet  or  more  of  the  running  portion 
between  the  packs  to  form  the  rear  halt  of  the  diamond  and  throw 
this  rope  to  the  rear  o(  the  ■'  near  "  pack,  freeing  both  hands  of  the 

The  "near"  packer  lakes  hold  of  the  niDnlng  rope  oa  the  mule's 
neck  with  the  left  hand  forward  of  the  right  and.  with  the  aaalBtance 
of  the  "  off  "  packer  brings  the  running  rope  to  the  center  of  the  load 

—  — -  -'-e  of  the  Blandlng  rope,  at  the  same  time  slipping  ■■' ''-'•■ 

--   -  -int  about  midway  lietween  the  , 

,  _ B  rope  bj  paatilDi  the  left  hand  ber 

!■  standing  rope  and  the  aparejo  and  grips  the  rope  above  the  right 
iinnd  ;  slips  both  bands  down  the  rope,  at  the  same  time  parting  them 
from  each  other  for  a  flpace  of  about  10  Inches;  then,  holding  the  rope 
In  a  horizontal  position.  Jams  this  porlloQ  down  between  the  two 
cinehaB  under  the  aparejo.  and  The  nitch  Is  formed  on  the  "  near  " 
side  ready  to  tighten,     iSee  flg,  87.) 

make  the  bitch   on  the   ''ott''  side,  the  "off"  packer,   havlnif 

"     'ncha,  holds  them  in  the  left  hand     ' 

front.     He  looks  (or  tl 
■    -  ;  load  by  the  "  nei 


As  the  rope  comes  over,  be  grips  it  as  high  as  his  arm  • 
---  "      -  '  ■— mediately  places  the  eincna  hook  abou' 


reach  and 

werlQg  the  eincha  hook  foi 


>jo  and  draws  down  the  alack  oa  the  Btandlng  rope  by 

,..  — 1._,  ,■..„    1 1 —  J],,,  (incba  hook  for  conven- 

the  cinch  a  hook  from  inside. 


a  the  outside  of  the  hool. 

■  ' e  end  of  the  rope.  Is  now  placed  on  top  of 


the  mnnlng  rope  between  the  riiiht  band  and  the  dncha 
ropes  are  gripped  with  the  thumb  under  the  running  ropoi  mu  r 
hand  is  allowed  to  slip  upward  on  the  ruDDlnt!  rope,  and,  with 
asslBtanee  of  the  "  near  "■  packer,  tills  rope  Is  brought  to  the  cente 
the  load :  the  left  hand  vrltl  Immediately  follow  the  right  hand  to 


r  of  the  load,  which  brings  both  hands  together. 


3,q,i,i.dbvGoogIe 


TRAMPMiTATUHr, 


ASIKAL   TSANSFORIATJOV.  W» 

With  the  Htrht  hanii  tlraw  the  end  of  the  rope  forward  which  Ih 
?Jd  by  the  left  hand  bo  that  about  IL'  locbPB  wILl  fnU  on  thp  ■■  n.-ar  " 
ee  at  the  aDlTnal'B  neok.  and  the  hitch  1b  farmed,  read;  to  tighten,  as 
lown  in  figure  Ha. 

ib}  The  double  hiteh.  The  double  hitch  la  made  as  described  for 
le  single  diamond  hitcb.  wltti  Ihe  two  follonlog  eieeplionn  : 


and  lug  ri 

The  "  off  "  pBcher.  Instead  of  placing  the  end  o 
andlng  and  runuiug  ropes,  placen  11  under  botb.  t 
'  load,  and  drojiH  about  12  luchea  of  end  dd  "  rea 
H^k.  and  hitch  is  formed  ready  to  tfablen. 

The  tiltch  !b  tightened  in  tbe  uBual  manner,  as 
le  "'  diamond." 


uQSeient  slack  on  tbe  raanlDg  rope  between  tbe  paclca  a 

WB  it  to  rear  of  load,  thus  causing  it  to  ride  oier  both  tbe  ru 

id  the  standing  ropes ;  he  then  fakes  the  rope  In  front  o(  tl 

~    and    brings    It   down   from    rlBht   to   left   between   tl 

9.nd  paek  RDd  under  tbe  boot  of  the  aparejo  In  tbe  en 


SO.  ! 


lAk  ODtflta. 


ConlBitsotbo™. 

tfpmters.  taiiiers,  and  saddlers: 

Boil-A. 

BoxUB. 

B(«.  (or  small  artlotoa 

! 

BroOB  and  bits  (7  auger  and  1  sersw  driver),  teid  saws, 

' 

CarpeuMi's  tag:  traniteg  chisels  (3):  daw  faammeis  {2); 

,  i,i"  '^ 

'      ^ 

»."ss?jis-'£'sfa'SstP^"'S^- 

' 

30 

Cm«nterpaialIs(S),cb8l1[,i  pound,  cbalkI<iiHS(2)..»t.. 
NalJ^W-penfty  ilO  poirnai5,   IB-Pbubj  {10  pounds), 

Beeswax  (2  oiincea),  harneaa  needles  (2  papen),  haraeaa 
riTOta,  assorted  (1  pound),  hamesa  ihread  (toonoo 

I 

Shoes,  mule.  fltwS 

smimiBit  rtELD  iuituaz. 


^•Mtollff'S^  '^- 1**"*  •>".  ™^  (of  e«h),. 
Vloir^ElP™P't  «PT>0»T  mswh  bo.  (of  «ch) . . 
•WhT;       ■  ''™"«i  ™P  aiger,  IHaoh,  handled  ( 

sfeSi^*""'"''*- 


^J«.  detonailog 

i?™.  hemp,  aoiuice  ball 

"ire.  copper,  No,  30,  J-pouml spool . 


Fionser  aouipmei 

BOTO,  pBCt,  ^0    4.. 

Shoveis }'■■  U.  patlari 


Honeer  eq  upmien  t^ 
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PART  VII 

TABLES  OF  WEIGHTS,  MEASURES, 
AND  SPECIFIC  GRAVITIES 
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n«AM  lUSlV  EaxinTir.3 


^T    VII— TABLES    OF    WEIGHTS.    MEAS- 
URES, AND  SPECIFIC  GRAVITIES. 


WEIGHTS  AND  MKA8VRE8. 
1     .LINEAR  HQDIVAl.ENTS. 


». 

KllDin. 

1.. 

,,.jv. 

r™,. 

Chiiin. 

Futloiv. 

1 

01 

10 

\aa 

LM 

03360 

528( 

I^ 

40 
330 

rji 

80 

Tabl 


II. 


CONVENIENT   TABLE;  OF  LENOTHH. 
ron«t  (1910)    20  S  iDctips 
I  n^t  In  acabtiard    21  G  incbea 
llnarv  8X  baadle    St)  Inches 
Unary  batibet  Handle    16  Inihtx 
nd  BhoTel    lEDgliieer  iBBOe)    8  feet 
Dd  shovel    long  handle    6  Feet 


™ 

n    UBIO),  7 
..ah  (IBlfa) 

?;x, 

TiBLB 

111. 

MARINER'S 

MELiSOBE. 

i 

~1  fathom. 

Ill's 

TaBLB 

IV. 

SUHVETORS- 

MEA8UBE 

^»i 

:fiT,;«!'" 

■KOmSB   miD   XAHITAL. 

i     1      ClBCUliAK  HaiLdUbt. 


80  degree*  —  1  bIkd. 

90  deKrees— 1  quailraiit. 

4  quadrants  — 12  atgda  — saO'degMn  —  1  dr«ie. 

,  TabIiI  VI. 

I  APPBOXIHATB  MHTBIC  BQDIVALBNTS. 

decimeter  ^4  Inchei. 
meters  1.1  *ard». 
kilometer  ^  j  mile. 


Suait*  llqaM  ^  0.9  qaart.drr. 
bnsbela. 
kiioiTRiii  —  Si  pivnda. 
metnc  ton  >-  2,S0D  ponoda. 

TlBLI  VII, 

VOLDllB  AND  CAPACIlTc'  BQTOVAIJWTS. ' 


Cabio 

V' 

U.  B.  quarts. 

U.  S.  Ealto. 

CBS. 

^3: 

Drj. 

5&: 

„: 

'"- 

J 

OTOSW 

"11 

■H 

bMXs 

mm 

^ 

mm 

0K8fl 

l»7S13 

m^» 

™JjJ 

"231 

-OCHMO 

"iS 

a.M7 

a 

(11.  w 

.03^1 

.001308 

Tablb  VI  ii. 
WOOD   HEA8DBB. 


TlBLB    IX. 

SHIPPING  HEASORB. 

■  TMBel  win  e>rrr— letlKtb  of  keel  X  breadth  at  maJn 
*nld  In  feet-:-95  (fbe  cubic  fcet  allowed  tor  a  ton), 
'^nace.     For  a  double-decker  Instead  of  the  depra 
bt  breadtb  of  the  beam. 


.,Gooj^Ic 


Reslanr  toai  For  ncirtcr  tamiM*  ttr  itar 'tM^Mnouat  ot  the 
entire  Internal  capadtr  rfa  Tfiwrl '  iM'eaMe  na^l  eealster  ton. 
Tlili  Dumber  U  arbltrarllT  KWDiMd  to  taUIUktai  MtapotfttlDn. 

SklMlBK  tnmftora ..... 

40  cubic  teet~* 


2  cubic  feet— JSS.TIB 


1  BritUb  •hlpplnc  toy 
SS.TIB  Imp.  boibell.  - 
S8.TS  V.  S.  buhel*. 


MBASUBEl  or  BSICKWOBK. 

7  the  thoDauii].  and  ^  vaiioiu  tl 

,. ,  _.   .  k  in  tbtckDew,  14  brtela  pw  Bnpertlcial  foot. 

L2l-lDch  wall,  or  11  brlcka  In  thicknew,  21  bridu  Ttae  mpecllclal  foot. 

t7-lDch  wall,  or  2  bricks  In  thlckneu,  28  bricks  per  mperflclat  root. 

~'  — '->-  •-,  thlckneaa,  SB  brlcka  per  anperHclal  toot 

«  abont  81x4x3  Utchaa,  whicb  la  equal 
^tkm  pet  due  foot,    tTbt  averaice  weight 
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i  npu  mavAL. 


d 

1 

1 

II 

f 
1 

l||IPi 

ifim 

!i|isil| 

1^ 

II 

i-niiiij 

i 

-|ir.i«i 
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1 

II 

jmimtmm 

1 

tf 

s|i|riii 

'  !| 

iiiiliK 

o 

i'* 

28-23ffiJSSS 

i 

i-*iiij|| 

1 

liiiiiii 

:d  ..Google 


is. 

If 

1.20 

:!i 

1.80 

'"^r 

t? 

1.95 
3.  IS 

8S,0 

l.OI 

c™i,  anthradW.fifoken  of  an  j'slie.looM.. „;,--, 

?s 

•■s 

70-100 
104-120 

SeE«"'°r:  «"■"'::-::-::::::;:::-:: 

i.si 

l.SO 

s^tSiST!'':!""""::::::::"::""::::::::::::::: 

12.  S 

.M 

uiae 

a 

.» 
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TABLES  OF  WZIO^TS,  KEASUSES,  ETC. 

Tabu  Xm— CoDtlaiud. 


is. 

1.08 

a.5 

P«7rf.. 

.so 
'.v> 

I'.m 

Mote.— Tbe  word  "dry"  In  comiectian  wltb  wood  Indicates  tbe  pr^seuoe  «t  not 
more  than  19  per  wnt  moisture.  Oreen  timbers  will  weigh  trom  oiw-lllth  lo  one- 
half  more  than  dry — ordinary  building  tlmbera,  tolerabtrseasonedf  on&^lxthmore- 


nbera,  tolerably  seasoned, 
I,  Kidder,  and  Tabtea  o 
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Itunr^^,  -r.rtj!« 

BVilSAMr    IMT'M 


.  j3)-B».BL3aai.»«ja.ar.a 


B»|.W 


frii*wl 

!l*«iW!» 


IT*.U» 


u,=.,.,Cooglc 


BoitedTo^^'*'^^""'" ;■■.. 

onabight 

■:.:.::::;;;::::::::::::::  m: 

Brick  fuhblB  tor  wing  wall 

equiiiage  oijiinLiod . . 


draw  spaua  In 

examples  a[(mlculaUDn 
ptecautioQ  in  passing. . 
protection  of. ---- 

flying 

lOrgBneralroadtrafTic.. 

JatJaufGAilBld....... . .. 

mJlitiiry,  iinprovised  shurt-spmi 

portable ...._._ ..r 
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